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Steam Turbine Progress and Possibilities 


Higher Boiler Pressures — Intermediate Steam Reheating in 
Large Multiple-Cylinder Machines—Feed Water Heating—Great- 
er Economy to Be Expected from Extended Use of Economizer. 


Discussion of the general progress of turbine de- 
velopment in the past, is not complete without refer- 
ence to the possibilities of the future. It is plain that 
with turbines of large size, which deliver to the 
switchboard 76 to 80 per cent of the theoretical energy 
available from the steam expanding between the 


limits specified, further improvements in the turbine. 


itself will not materially raise this efficiency, and that 
further improvement in central station economies 
must be looked to from causes other than the steam 


1,700 H. P. 3,000 R. P. M. Westinghouse complete expansion 
steam turbine. 


turbine. This is a subject of the greatest import- 
ance in view of the rapidly increasing cost of fuel and 
justifies considerably more capital expenditure for 
economizers and other plant apparatus which will 
reduce fuel cost. 


Attention at the present time is being directed to 
employing higher boiler pressures; viz., pressures as 
high as 600 pounds. Today 200 pounds pressure, 200 
degrees F., superheat is regarded as a more or less 
every day operating condition for large plants. Steam 
generated at 600 pounds pressure, having exactly the 
same heat content as that contained in 200 pounds 
pressure and 200 degrees F. superheat, will have a 
superheat of.approximately 128 degrees F. This ex- 
panded to 29 inches of vacuum is theoretically capable 


of giving 13 per cent more energy than when gen-. 


‘ey Google 


erated at 200 pounds. Doubtless, when operating 
under these conditions, the turbine will be of lower 
efficiency. The high pressure element will be less suf- 
ficient on account of the great density and the small 
volume of steam, and on the other hand the low- 
pressure elements will be less efficient because of the 
great amount of water precipitated by the steam ex- 
pansion from the high pressure, introducing a brake 
in the turbine. However, it is reasonable to suppose 
that the turbine will avail itself of at least 50 per cent 
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3.000 H. P. 155 R. P. M. low pressure steam turbine. 
“3 
of this 13 per cent possibility, producing a net saving 
of 6 or 7 per cent. What may be expected to be 
derived from higher pressures is exhibited in Figs. 
1 and 2, plotted for various pressures. 


Another source of improvement of performance in 
large multiple-cylinder machines may be obtained by 
intermediate reheating, the steam expanding from a 
high pressure and superheat through a high-pressure 
element to a pressure of say 40 pounds absolute, 
where nearly all the superheat has disappeared; the 
steam then being pressed through a separately-fired 
super-heater and raised to approximately its original 
temperature, thus giving a nearly dry cycle to the 
whole steam expansion. The addition of an inter- 
mediate reheater to such an installation would be 
expected to secure an improvement in total B-t.u 
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supplied, of 3 per cent. Until lately, however, the 
capital expense involved would hardly have been 
warranted. 


Much more than formerly, attention is being given 
to the subject of feed water heating and means are 
available for providing a heat balance between the 
feed water heating system and the main turbine unit, 
valves being provided which will take steam from.the 
turbine whenever there is a deficiency of auxiliary 
exhaust steam for heating feed water and take steam 


from the heating system when the feed water heater 
is incapable of condensing all of the exhaust steam 
from the auxiliaries. Valves are also available which, 
when the conditions demand, will take steam from a 
higher pressure stage of the turbine in one case and 
admit steam to a lower stage in the other. 


A heat balance system has been proposed, employ- 
ing electric motors for driving the auxiliary machines 
and these in turn operated by a special generating 
unit, the generator being driven both by a non-con- 
densing: steam turbine, an electric motor operated 
from the main busbars, the flow of steam to the tur- 
bine being controlled by the pressure in the exhaust 
and hence by the needs of the feed water heater. At 
times of excessive demands for feed water heating, 
the motor may give energy to the system and con- 
versely when there is a small demand for steam for 
heating feed water, the energy for driving the aux- 
iliaries will in part, come from the main units. The 
auxiliaries, being. motor driven, have the advantage 
of reducing the general dirtiness, heat, and over- 
crowding to be found in the basements of many power 
plants on account of the steam and exhaust piping 
of the many small turbines. The general prejudice 
against electric motors for other auxiliaries would 
seem to be giving way in view of greater rug- 
gedness of electric motors and the safety of their cir- 
cuits. The heat energy actually required to operate 
the auxiliaries with such a system would be far less 
on account of the better performance of the large tur- 
bine unit as compared with the number of small non- 
condensing auxiliary turbines, in spite of the elec- 
trical losses involved. 


Further economy may be expected by making 
more extended use of the economizer. Until lately it 
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has been considered difficult to’ operate economizers 
successfully if the feed water is admitted to them at 
temperature much below 200 degrees, because of cor- 
rosion of the surfaces and the condensation of tarry 
compounds from the fuel. It is probable that in the 
future economizers will operate well with the water 
entering them at 120 degrees or thereabouts, the 
water being heated to this temperature by a fewer 
number of steam-driven auxiliaries or by the employ- 
ment of electrically-driven auxiliaries entirely and 
bleeding the main turbine at a stage where the pres- 
sure 1s commensurate with that temperature. 

The present time is a very important period in the 
development of the steam turbine. A large number 
of big units have been built ranging in size from 
25,000 to 60,000 kilowatts. Those built by the Gen- 
eral Electric Company are of the impulse type. those 
by the Westinghouse Company entirely of the reac- 
tion type, and sometimes a combination of both types, 
where the complete expansion is carried out in a 
single cylinder. Of the Westinghouse machines, the 
increased reliability obtained by dividing the steam 
expansion in separate cylinder structures is recog- 
nized. Some have been arranged with the high and 
low-pressure cylinders arranged tandem fashion, driv- 
ing a single generator. Others are arranged “cross 
compound,” each turbine element driving a separate 
generator. The very largest sizes are of the three 
element design, comprising one high pressure’ turbine, 
with a low pressure on either side, each of the three 
elements having its separate generator. 

Some of these units are now in operation, and 
within another year, a great many will be in service. 
Some of them will be tested for steam efficiency. All 
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of them will give evidence as to their reliability of 
operation and accessibility for inspection and repairs. 
The multi-cylinder turbine certainly seems to have 
much to commend it, if there is anything in the 
thought that with increase in the capacity of the 
prime mover, there should be a corresponding in- 
crease in reliability. These very large units, if built 
in a single structure, impose grave problems of de- 
sign, for as the structure becomes larger, the more 
likely it is to change shape under the varying tem- 
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peratures within its walls. Also, the hazard is in- 
troduced of using higher grade materials, to deal with 
higher stresses, with all the uncertainty which that 
question involves in the actual securing and testing 
of such materials, with absolute knowledge that the 
quality of the test specimen will be secured approxti- 
mately in the finished piece. 

We then have the increasingly imminent question 
of dealing with higher steam temperatures, which 
does not make the design of turbines any easier, as is 
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Cross Compound Turbines. 


well proven in several recent instances. So, if we 
take advantage of the fact that in size alone resides an 
ability to achieve higher efficiency, then it would seem 
that the uncertainties of design and construction as 
regards heat stresses, as well as centrifugal stresses, 
can best be removed by introducing no new. ques- 
tions. Let us have the high efficiency that comes with 
large size, as being within well-tried practice, deal- 
ing with no special materials, avoiding widely 
differing temperatures within the same _ structure, 
keeping the high temperatures within the relatively 
small high pressure element, and be ready, also, for 
the still higher temperatures of the future. The 
multi-cylinder arrangement occupies more room, 
measured in the width of the unit, but less in length; 
however the turbine room space in this respect is not 
a problem in most stations. They have the advan- 
tage, previously pointed out, that the turbine ele- 
ments are sensible of being operated separately in 
the event of derangement of either one of them. Auto- 
matic apparatus is provided when demanded, for any 
two of the three turbine elements continuing to carry 
load, should the one be taken out of service, either by 
the opening of the circuit-braker or by tripping the 
emergency stop. The compound unit costs more 
money, but not prohibitively more, if the construction 
behind its adoption is justified by experience. In 
view of the present power house costs, there would 
seem to be no economic need of reducing the cost of 
the turbine units below the amount required to make 
them as nearly perfect as possible. It is hoped that 


Digitized | Cor gle 


The Blast burnace™ Steel Plant 483 


the time is not far distant when the turbine designer 
will not have to initiate quite so much as he has in the 
past; that on the operating side the engineers will 
test their turbines more generally and will know pre- 
cisely what results they give in steam consumption, 
and will take a stronger position respecting the me- 
chanical features of design, details of operating con- 
venience, etc., much as they used to when they dealt 
with the subject of Corliss engines, and recognize 
and give consideration to better detail design of not 
only the turbine itself, but its appurtenances. 


‘rom all that has been said it is plain that the 
progress in the construction of turbines has not been 
to reduce intrinsic cost. The increased reliability, 
while sometimes secured by more skillful design, and 
at even a reduction of cost, generally however, in- 
volves a greater cost. The higher operating condi- 
tions: pressure, superheat and vacuum, each involve 
gre.ter expense. The higher vacuum calls for larger 
low-pressure blade arrears, as well as an increased 
number of turbine elements. The higher pressures 
and superheat both involve more turbine elements, 
and also preclude the use of cast iron for the high 
pressure portions, adding materially to the cost of 
gears, etc. Competition calling for the highest per- 
formance, has brought about the employment of 
higher design co-efficients which introduce still an- 
other element of increased cost. The increase in 
rotational speed for a given size machine is about the 
only item besides'improved manufacturing processes 
that have enabled manufacturing costs to be reduced. 


In spite of this, the price (under pre-war condi- 
tions) of large turbine generating units has been re- 
duced to approximately 40 per cent of the cost of the 
earlier large turbines of 5,000 kilowatts or there- 
abouts. The efficiency ratio has been increased in 
this size approximately 8 per cent. Considering the 
larger sizes the cost er kilowatt is further reduced 
and efficiency ratios have been improved 12 per cent. 
Actual heat consumption of B.t.u. supplied at the 
throttle has shown a reduction of 24 per cent between 
the 7,500-kilowatt turbine of 1905 and the Interbor- 
ough turbine of 1914. 


To make similar comparison between. a modern 
large turbine installation and the best performance 
of reciprocating engines, assume: 


Turbines Engine 
Initial cost per kw of the generating units.$ 8.00 $40.00 
Fixed charges; per cént.. ic 0500c5 664% ose% 5 mR 
Pounds steam per kw-hour................ ll 17, 
Cost of steam per 1000 lbs. at 220 Ibs. 150 
degrees supht, 175 lbs. dry sat............ my 14 
RAGA “EACLO® ari kir ns OrNG be sued cate Che One i 75 
Cost of foundations per kw................ 50 2.50 
Cost of condensers per kw................. 3.50 2.50 
Cost of engine room personnel, not includ- 
ing executive administration, pr. kw. pr. yr 0.61 1.57 
Oil and engine room supplies per kw. yr... .10 1.34 
Total cost per kw. per year.............. $13.34 $25.29 
UNIVER OF CHICAGO 
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Slag Temperature Influence on Refractories 


Investigation Carried Out for the Purpose of Determining the 


Action of Various Slags 


at Different Temperatures on 


Several Standard Brands of Fire Brick. 


By RAYMOND M. HOWE. 
Mellon Institute. 


During the present period of intense industrial 
activity, the linings of the various furnaces have 
played a very important role in determining their 
capacities. In some cases the firebrick or special 
shapes have given long continuous service, while in 
other cases the results have not been as satisfactory. 
As a result, there has been some contention between 
the consumers and manufacturers of firebrick as to 
the relative merits of this product, the consumeis 
often claiming that it is not of the pre-war standard 
and the manufacturers maintaining that it is of equal 
quality. The latter maintain that the shorter life of 
refractories, when encountered, is often due to the 
more severe duty which is imposed upon their product 
during the struggle for an ever-increasing output 
of metals. 


The work here presented was carried out for the 
purpose of determining the action of various slags at 
different temperatures on several standard brands of 
firebrick. The data secured would therefore appear 
to bear directly upon the question at issue, for it is 
well-known that a common means of increasing pro- 
duction consists of increasing the working tempera- 
ture. 


The general plan was to secure bricks of recog- 
nized quality and to test the action of several slags 
upon them at different temperatures. The method 
used for determining this action was essentially the 
same as is used at the Carnegie Steel Company. 


Work done at that laboratory has shown that if a 


brick is heated to a definite temperature and 35 grams 
of slag are placed in a cavity at that temperature and 
are allowed to act for two hours, valuable informa- 
tion can be secured. 


Before adopting their method certain points were 
checked pertaining chiefly to the influence of the time 
of action of, and the quantity of slag used, upon the 
results secured: Tests were made in which the time 
and slag were trebled, but this procedure failed to 
produce a more pronounced action. 


In reporting the results the total cross-section of 
the slag saturated area was first measured by means 
of a planimeter. The area of the original cavity was 
then subtracted from this. The difference represented 
the area of the section which had been penetrated by 


Paper read before the Refractories Manufacturers Associa- 
tion. 


Google 


the slag. This area when divided by the linear sur- 
face of contact gave a value which represented the 


square inches of penetration per inch of contact. 


Table I. 


Influence of time and quantity of slag used upon results 
secured from slag tests. 


Penetration of 35 grams of slag in two hours........... 64 
Penetration of 35 grams of slag in four hours.......... 68 
Penetration of 35 grams of slag in six hours............ 64 
Penetration of 105 grams of slag in two hours............ 16 
Penetration of 105 grams of slag in four hours.......... 12 


The results given in Table I confirmed those re- 
ported by Nesbitt and Bell and lead to the same con- 
clusions, 1. e., when a brick having a cavity 21% inches 
in diameter is treated- with 35 grams of slag and it 
is allowed to react for two hours satisfactory results 
are obtained. In the preceding work 35 grams of slag 
reacting for two hours resulted in a penetration value 
of 0.64. When the severity of this test was increased 
600 per cent, the penetration factor increased but 12.5 
per cent. 


Method of Procedure. 
In view of this preliminary work, the following 


definite method of procedure was adopted. 


Table II. 
Basic Acid 
Blast Heating Open Open 


Slag Fur. Fur. Hearth Hearth Zine Copper 
Sili@a. acer .c 37.32 34.16 1842 46.48 34.30 28.20 
\lumina 13.21 6.13 3.85 5.45 14.74 2.20 
LRON: eg sitare ies 162 43.60 14.55 29.30 21.00 2.10 
Lime ....... 42.20 130 44.10 2.16 2.33 2.5] 
Magnesia ... 2.35 65 6.32 .00 7.07 2.14 
Manganese.. 1.11 55 5.09 9.08 6.77 .0O 
Sulphur ..... 1.20 of 42 38 5.88 14 
Phosphorus.. .00 02 58 .0O 02 24 
Copper ..... a "0 .0O 00 1.28 58.21 
ZING. od secre ss .0O 8.20 


Melting pt... 1220° °C. 1050.°C. 1278°C. 1400°C. 1028°C. 1020°C. 

The test bricks, each having two cavities 2% 
inches in diameter by 14 inch in depth, were heated 
slowly to the temperature at which the test was to 
be made. This temperature was held for 1% hours. 
Thirty-five grams of slag were then introduced and 
were allowed to react at this temperature for 2 hours. 
The bricks were then allowed to cool, were cut 
through the center of the cavities, and the penetra- 
tion was noted in the manner previously described. 

Six slags, which were secured from the Carnegie 
Steel Company’s laboratory, were used during the 
tests. Their analyses and fusion points are given in_ 
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Table IJ. The three bricks used are designated by 
A, B and C. 


Experimental Data. 

By following method already described and vary- 
ing the brick, the slag and the temperature, one at a 
time, the following average results were secured. 


Table ITI. 
Effect of various temperatures upon the penetrating power of 
heating furnace slag (m.p. 1050°C.) 
Temperature of Test. 


Brick ............ 150°C. 1250°C. 1350°C. —-1450°C. 
Type A............ 04 09 15 34 
Type B............. 02 05 Vy 79 
Type C............. 07 10 24 78 

Table IV. 


Effect of various temperatures upon the penetrating power of 
blast furnace slag (m.p. 1220°C.) 
Temperature of Test. 


Brick ....... Pade staceaeee 1250°C. 1350°C. 1450°C. 
TYPE: Aivcsveteeeass tans cakes .03 .08 14 
Type: Bia ete cae daiea ane es .00 me 17 
(EVDO Cet tank 8 wie hie PRB Raes .07 el2 17 


Table V. 
Effect of various temperatures upon the penetrating power of 
zine slag (m.p. 1025°C.) 
Temperature of Test. 


Brick ............ 1150°C.  1250°C. 1350°C.  1450°C 
Type A............ 03 13 28 19 
Type B............. 04 16 29 32 
Type Coccvsenssccs 05 24 33 43 

Table VI. 


Effect of various temperatures upon the penetrating power of 
basic open hearth slag (m.p. 1275°C.) 
Temperature of Test. 


Baik: .it.6i 2 eco 1350°C. 1450°C. 
MEV DG Ait kx ean slate hl nce Gematol Rada 58 43 
TPC: ‘Da .tetuwec uses raee ae ateseee eased 29 .33 
NPS OC xs SOE 8 Bk sh acSede htm nee tears Geico aad ee 44 55 

Table VII. 
Penetration of acid open hearth slag (m.p. 1400°C.) at 1450°C. 

Brick Penetration 
TV VOS” Ais oot cate cee eat eeie aia weet eae eee oe ade 24 
Dy pe sees toi area oe ee ale eae ee ee 33 
OTS Ce Si cae Sea ater hae eae ie to taeda Mag co tee 57 


Table VIII. 


Penetration of copper slag (m.p. 1020°C.) at two temperatures 
Temperature of Test. 


Dicks. wuyeececaeeteane uae esas a haa 1150°C. 1250°C 
Type Peo coc gth oa nares we ee ete ED oka .46 .65 
PUY 9? SER cdc cec pian on ate entan hectare athe tiga .36 57 
Tepe? Cecducdenetaccmauveten cee b ie ead ees .52 .62 


In each case the slag penetrated more deeply into 
the brick at higher temperatures. In several cases an 
increase of 100°C., or less than 10.0 per cent, resulted 
in nearly doubling the penetration. 

This increased penetration has several effects in 
actual practice. One effect concerns the strength of 
the brick itself. It is a known fact that bricks when 
saturated with slag are not so strong at high tem- 
peratures as when they are free from slag. This de- 
creases their ability to sustain the weight of the other 
parts of the furnace. 

The refractoriness of the lining is also decreased 
when it becomes soaked with slag. 

The lining is also subjected to more severe chemi- 
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cal action. This action takes place rather slowly in 
many cases, but rapidly in others. In any event, the 
action takes place sooner when the slag forces its way 
further into the inner portions of the lining. Being 
more active at higher temperatures, its solvent power 
is also increased. 


In view of these tests, it appears very much as if 
the relation of output and the life of the lining is simi- 
lar to the rate of driving and the life of an automo- 
bile. Cars which operate successfully for 50,000 miles 
when driven at the rate of 20 miles per hour give 
much less service when driven 40 miles per hour. 
These same cars when subjected to the gruelling 
ordeal of a stock car race often fail to complete the 
first 100 miles. 


Such conditions are constantly encountered when 
any product is driven to its limit. Such being the 
case, it is not fair to compare the lives of furnace lin- 
ings on the daily basis. Neither 1s it fair to compare 
them on the tonnage basis, when one furnace is 
worked at moderate and another at maximum capac- 
ity. Under conditions occurring with increased out- 
put, they must be compared according to a sliding 
scale. Ifa furnace is operated under such conditions 
that the daily output of metal is increased 50.0 per 
cent, it cannot be expected to last as long, or even 
two-thirds as long (during which time equal ton- 
nage would have been secured), but from one-third 
to one-half as long. The consumer must realize this 
and balance his costs under normal production 
against those under increased production. If the bal- 
ance is in favor of conditions of increased production, 
he must, if he uses the most suitable material, expect 
to encounter continued shorter service from linings. 


COAL ZONING SYSTEM. 


Estimates made earlier in the fuel year, that ap- 
proximately 60,000,000 car-miles would be saved in the 


coal year through the operation of the zone system for 


the distribution of bituminous coal, are being fully real- 
ized. 

This system, made possible through the close cooper- 
ation of the United States Railroad Administration with 
the Fuel Administration, has had a large share in bring- 
ing the nation’s supply of bituminous coal to its present 
proportions, which, with patriotic economy, will be suf- 
ficient for the winter’s requirements. 

This method of distribution was established so that 
the coal supply of all sections of the country should 
normally be derived from mines relatively near, thus 
preventing abnormal and wasteful transportation move- 
ments, and insuring more equal distribution of cars to 
the mines and the more steady employment of mine 
labor. 

Early estimates were that the movement of bitumin- 
ous coal affected by the zone system would involve about 
300,000,000 tons, or 60 per cent of the total production. 


ace | The Blast bumac 


@ Steel Plan! 


December, 1918 


Electric Furnace Data for Ferro-Tungsten 


Data and Description of Ferrotungsten Production—Smelting of 

Ferberite Concentrate—Ferrotungsten Containing Less Than 

One Per Cent Carbon Can Be Made in a Single Melting Operation. 
By ROBERT M. KENNEY. 


Tungsten is the leading alloy metal used in the 
manufacture of high-speed steel. Probably about half 
of the consumption is used in the form of ferrotungs- 
ten, the remainder being tungsten metal. Colorado 
has supplied a large part of the tungsten used in steel 
manufacture, but is gradually being surpassed by 
California, where the large scheelite deposits can pro- 
duce tungsten considerably cheaper. Ferberite, found 
in Boulder County, Col., is one of the most favor- 
able forms of tungsten for production of ferrotungs- 
ten, containing both iron and tungsten in the proper 
preportion to yield 70 to 80 per cent ferrotungsten. 
At present, three electric-furnace plants in Colorado 
are making or have made ferrotungsten. The stand- 
ard grade produced by the Ferro Alloy Company 
contains 75 per cent tungsten, 0.8 carbon, 0.4 silicon, 
0.5 manganese, 0.01 sulphur, 0.02 per cent phosphorus. 
The Tungsten Products Company makes about the 
same grade of product, except that the carbon is kept 
below 0.5 per cent, and the tungsten runs as high as 


85 per cent. The product of this company is prob- 


ably the highest-grade and the purest ferrotungsten 
made in this country. Ferrotungsten has a high den- 
sity, fine gray fracture, and is not crystalline—the 
higher the carbon, the coarser the fracture. The car- 
bon in ferrotungsten occurs as the double carbide, 


Fe,C.W,C. 


One method commonly employed for production 
of ferrotungsten 1s reduction of ferberite or some other 
concentrate in the electric furnace, with carbon as 
a reducing agent, followed by a subsequent refining 
and decarburization. Reduction with carbon takes 
place according to the following reaction: 


Fe,.WO, + 4C = Fe.W 4+ 4CO. 


Theoretically, the product would contain 62.3 per cent 
tungsten, but, owing to the variation in iron in the 
ferberite, and to the fact that tungsten reduces from 
ferberite, in the electric furnace, before the iron comes 
down, a considerable part of the iron passes into the 
slag, so that the alloy contains about 70 per cent 
tungsten. The slag may contain as high as 8 per 
cent FeO, but less than 1 per cent. WO,. Theo- 
retically, the reduction of 100 parts of alloy from 122 
parts of ferberite requires 16 parts of carbon, but 
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practically about 25 per cent excess of carbon is 
charged. Small amounts of lime and fluorspar are 
used to flux the silica. Operating in this manner, 
with an excess of carbon, a product is made contain- 
ing 3 per cent carbon, 70 per cent tungsten, 0.05 per 
cent phosphorus, and 0.01 per cent sulphur; the slag 
If desired, this 


product can be tapped from the furnace, but, as its 


contains below 1 per cent. WQ,. 


behavior is erratic, it is preferable to allow the metal 
to collect in the bottom of the furnace, forming, in a 
150-kw. furnace, a button about 3 ft. in diameter, 6 
in. thick, and weighing 1,000 to 1,200 Ibs.; the slag 1s 
poured off by tilting as it fills the furnace. 


The concentrate used in the runs given in Tables 
1 and 2 contained WO,, 60.36 per cent; iren, 22.0; 
SiO,, 8.0; manganese, 0.5; sulphur, 0.35; phosphorus. 
0.05 per cent. The analysis of the coke was: fixed 
carbon, 81.8; volatile, 1.70; ash, 16.5; sulphur, 0.60; 
phosphorus, 0.092 per cent. The lime contained: 
CaO, 89.0; MgO, 0.73; SiO,, 1.1; sulphur, 0.41; phos- 
phorous, 0.072 per cent. The fluorspar contained 80.0 
per cent CaF.,,. 


Smelting of Ferberite Concentrate. 


A typical operation is conducted as follows: The 
initial charge is 65 Ibs. of a mixture composed of 200 
lbs. concentrate, 42 Ibs. coke, 56 Ibs. lime, 6 Ibs. fluor- 
spar. Three more 65-lb. charges are added at inter- 
vals of 1% hr., and at 2% hrs. from the start, the fur- 
nace is tilted and the slag poured. This cycle 1s re- 
peated until a 1,200-lb. button has been formed, re- 
quiring 24 to 36 hrs. The furnace is allowed to cool, 
is torn down, and the button of metal removed. This 


is then cleaned and broken up, the breaking process 


being somewhat difficult with a 3 per cent carbon 
alloy. 


The results of smelting ferberite concentrate to 
produce a crude ferrotungsten are given in Table lI. 
In this operation there is practically no loss of tung- 
sten in the slag, the slags averaging 0.72 per cent 
tungsten. Considerable mechanical loss is shown in 
these runs, but this occurs mainly in dust, when 
cleaning and breaking the button, and is recovered 
by melting. The total loss of tungsten in the smelt- 
ing operation does not exceed 5 per cent. 
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Table 1—Smelting of Ferberite Concentrate. 
1 2 3 4 5 G 7 8 


Charge: 
Concentrate, Ib. ... 1,200 1.800 1,600 1,600 2,275 3,150 2,950 3,100 
Coke, Ib. ......... Liss 380 330 330 476 662 662 48 
Fluorspar, Ib. ..... Ob 180 128 130 62 96 90 120 
Lime, ID. 2. 6<<k0s85 3386 500 436 436 G28 872 810 855 
Ferrotungsten: 
71.35 
Tungsten, % ....... 71.71 168.3 67.9 68.2 
2.6 
Carbon, @ ........ 1.01 17 1.03 1.09 
Sulpbur, % ....... 0.078 0.10 0.048 0.068 
pan? horus, % 0.081 0.112 0.065 0.11 
ag: 
Tungsten, % ....... 0.56 0.80 0.90 1.26 0.20 088 0.35 0.39 
Weight ferrotun- 
gsten, in button, 1}b. 731 982 S47 908 954 1,884 1,490 1,971 
Weight ferrotungsten, 
oured, Shot eich: Sams 122 
Weight, slag, Ib... SSS 1,020 510 1,121 1,960 1,612 1,200 2,613 
Length run, hr. . 19.33) 26.17 20.17 22.0 3860 405 44.0 48.0 
Power on, hr. ..... 17.33 21.08 18.0 19.42 34.83 38.83 425 46.33 
Tungsten lost in 
Shug, “oes ieee seks OT 095 O68 £1.96 0.36 0.984 0.29 0.66 
Tungsten lost me- ; 
ebanically, %* 10.23 11.65 19.37 11.84 
Tungsten recoy- 
ered, % ..c.csceeees 89.2 87.4 &.0 86.2 


* Most of this is recovered in dust. 
Note—The current consumption was 1380 kw. at 95 volts. 


Refining Ferrotungsten. 


The crude metal, broken to about 6 in. size, is re- 
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averaged 1.2 per cent carbon. All of the slag from 
the refining process, averaging about 10 per cent 
tungsten, is re-treated for ferrotungsten, so that there 
is no loss in refining, except a slag loss of less than 1 
per cent, and a mechanical loss. By smelting this 
slag, ferrotungsten was produced which contained 
tungsten, 79.1; carbon, 2.40; sulphur, 0.01; phos- 
phorus, 0.02 per cent; the slag from this operation 
contained 0.95 per cent tungsten. 


Ferrotungsten is one of the easiest ferro-alloys to 
manufacture, except for the fact that it must be made 
in a knock-down furnace, due to the high melting 
point of the alloy, about 2,500° C. Metallurgically it 
is simple, as tungsten has not so great a tendency to 
form carbides or to oxidize as have chromium and 
uranium. Ferrotungsten containing less than 1 per 
cent carbon can be made in a single smelting opera- 
tion, by careful regulation of the carbon in the charge, 
and the use of an acid slag. The disadvantage of this 


Table 2—Refining Ferrotungsten. 


Charge: 15 16 17 18 
Ferrotungsten, Ib. .................. 1,400 1,200 9800 1,835 
Tungsten concentrate, Ib............ 448 480 320 720 
Fluorspar,. IDs: <<..c402iaeeieadnc nudes 140 120 80 §=6180 

Ferrotungsten: 

Carbon, in button, %................ 0%4 088 090 0.68 
Carbon, in poured, %............... 137 O95 1.27 1.32 

Slag: 

Tange steny 290 ent wsiedlioau nde eaten: §.21 5.21 5.21 5.21 

Concentrate charged per 100 lbs. ferro- 
tungsten ...........cc cece eee eee eee 32.00 40,00 40.00 39.25 

Weight ferrotungsten in button, lb..... 939 1,232 400 1,868 

Weight ferrotungsten poured, lb...... ead, + “aoe 720—=—s 186 

Weight Slag: lbs <i cieewainevron kes 393 497. 5534— 8312 

Length run, hr........................ 22.66 21.33 19.5 17.33 

Power on, hr...... ee eee eer ree 22.00 20.83 190 16.17 


Note—The power consumption was 130 kw. at 95 volts. 


tined as follows: A charge of 150 lbs. metal and 75 
Ibs. ferberite concentrate is smelted for 4 hr., when 
12 Ibs. fluorspar is added. After another 3 hrs. the 
slag 1s poured. and a fresh charge is started. The 
process 1s continued for from 36 to 48 hrs. until a 
button weighing 1,500 lbs. has formed in the furnacc, 
a larger button being permissible because the low- 
carbon alloy is easier to break. The furnace is 
allowed to cool, is torn down, and the button of metal 
removed, cleaned, and broken. The refined button 
forms very compactly, and is free from slag. The 
refining has reduced the carbon from 3 to 0.8 per cent, 
reduced the phosphorus from 0.05 to 0.01 per cent, left 
the sulphur the same, and increased the tungsten from 
70 to 75 per cent. The refining slag contains 5 to 20 
per cent tungsten, and is resmelted in a special run. 
Table 2 gives data on the refining of crude ferro- 
tungsten containing 2 to 3 per cent carbon, to yield 
a product with less than 1 per cent carbon. 
During these runs a considerable quantity of ferro- 
tungsten was poured from the furnace with the slag. 
While the metal obtained in button form contained 
less than 0.9 per cent carbon, the poured metal 


Google 


19 2 2 #+22 #=+2 2 #2 264 27 RB 
1,680 1,160 1,190 1.050 1,200 1.200 1,200 1,200 1,350 1,500 
674 462 476 420 520 670 600 675 750 825 
14. 6 6% 8&8 96 108 % 10 108 12 
0.71 073 O88 O75 065 06 091 066 097 057 
122) 2... cece eae uae ~=62.002— sO. D—sd2=Siw“ia“. C08 
950 17.18 5.54 5.54 

40.25 39.75 40.20 400 434 558 500 56.3 556 55.0 
1,424 814 727 913 922 1,217 1,278 1,234 1,535 1,672 
335 M5 4 6070~—~t... «Ssd238)SCi«d20). (<assis—i«i«‘(“NNRSC(t HHSC‘ 
48 544 412 373 495 543 418 576 470 571 
34.83 33.75 260 335 205 345 35.33 32.33 33.75 37.33 
33.23 32.66 25.45 31.83 2875 33.33 34.5 31.5 330 365 


method is that the product is less pure, and the slag 
loss is considerably higher; the metal will contain 
much higher phosphorus and sulphur, and the total 
loss of tungsten may be 25 per cent as compared with 
10 to 15 per cent by the two-stage process. 


Nearly every manufacturer of ferrotungsten has 
tried to tap it from the furnace, but none has con- 
tinued the practice. If the tungsten is reduced to 55 
to 60 per cent, the alloy can be tapped. even with 
carbon as low as 0.2 per cent. With tungsten at 70 
per cent, metal containing 0.9 per cent carbon has 
run out while pouring slag, but generally any metal 
which comes out with the slag will contain 1.25 per 
cent carbon. The irregularity of tapping operations 
with ferrotungsten has prevented the adoption of that 
method, because if part of the metal must be retained 
in the furnace, it is cheaper to keep it all there. Fur- 
thermore. the poured metal is very hard to break. 


In ferrotungsten production it is essential to main- 
tain regularity of charging, as this is the only wav to 
insure homogeneous composition of the metal, since 
the button is not melted throughout. 
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Waste Heat from Open Hearth Furnaces 


Analysis of Producer Gas Supplied to Furnace—Theoretical 
Principles Governing the Operation of Waste Heat Boilers—Sug- 
gestions Concerning the Layout of the Plant, Boiler Setting, Etc. 
By THOMAS B. MACKENZIE. 
PART II. 


A typical analysis of the producer gas supplied to » 


the furnaces during the previous tests is :—CO,, 8.2 per 
cent.; CO, 20.8 per cent; CH,, 3.4 per cent.; H,, 13.0 
per cent; N,, 54.6 per cent. From which the amount 
of air and volume of products of combustion, with the 
theoretical amount of air required for complete com- 
btistion, can be calculated. The result is shown in 
Table XI. 


Table XI. 
Air for com- 


Gas, cub. ft. plete combus- Products of combustion. 
per cub. ft. tion 
CO. H.0 N. 
CO; : 0.082 — 0.082 — — 
CO: 0.208 O : 0.104 0.208 — — 
CH: : 0.034 O; : 0.068 0.034 0.068 — 
H2 0.130 O: : 0.065 — 0.130 — 
N2 0.546 N: : 0.902 — — 1.448 
,1000 , 1.139 0.324 0.198 1.448 


1.139 volumes of air are therefore required for the 
theoretical combustion of 1 cu. ft. of producer gas, 
and will yield 1.97 cu. ft. of products of combustion 
all reduced to s.t.p. A typical analysis of the waste 
gases entering boiler, estimated on a dry sample ts :— 
CO,, 11.2 per cent.; O,, 7.2 per cent; N,, 81.6 per cent. 
Replacing the water vapour and separating from the 
N, that entering with the excess air, the volumes and 
percentages are in 1 cu. ft. of the products as in 
Table XII. 


Table XII. 

Gas. Cub. ft. per cub. ft. Per cent. 
CO; 0.11 11.27 
HO 0.0688 6.88 
N, 0.4996 49.96 
Excess air 0.3189 31.89 

1.0000 100.000 


The total volume of the products of combustion 
are with this amount of excess air 2.89 times that 
of the producer gas when they are at the same tem- 
perature and pressure. The mean specific heats of the 
gases in lb. calories per cu. ft. at s.t.p. have been cal- 
culated by the following Malard-le-Chatelier formu- 
lae :— 

CO: — 0.023 + 0,000014t° C. 
H:O = 0.021 -+ 0,000009t° C. 
O: and N: = 0.0189 + 0.0000017t° C. 

To facilitate the use of these formulae the diagram 
in Fig. 2 is appended, on which the temperatures of 
the gases and quantities of heat in lb. calories are 
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plotted as co-ordinates. ‘The curved lines give the 
values for the various gases named. To use the dia- 
gram all that is necessary is to multiply the fraction of 
a cubic foot df the particular gas in 1 cu. ft. of the mix- 
ture by the value of the heat contents on the vertica! 
scale opposite the point where a vertical from the tem- 
perature cuts the curve of the gas required, when the 
sum of the products will give the heat contents of the 
mixture in Ib.‘calories per cu. ft. The calorific value 
of the producer gas is 78.91 Ib. calories per cu. ft., and 
its volume about 150,000 cu. ft. at s.t.p. per ton of fuel. 

The furnace, when the whole volume of gas passed 
through the boiler, was delivering 950,000 ft.° of 


Fig. 2—Heat contents of gases at varying temperature and 
constant pressure in Lb.-Calories per cubic Ft. 


products per hour at s.t.p., and was producing ingots 
at the rate of 5.94 tons per hour; its fuel consumption 
was therefore :— 


950,000 ft.* per hour 
7,500 ft.” per cwt. & 5.94 & 2.89 
As the furnace was working on cold-stock, and the 


fuel contains on an average 13.5 per cent ash and 9.7 
per cent water, the result is fairly good. 


= 7.377 cwt. per ton of ingots. 


Consideration may now be given to the theoretical 
principles which govern the operation of waste-heat 
boilers, making use of the data which have been ob- 
served in connection with the above tests to determine 
the constants, to enable formulae to be constructed 
for fixing area of heating surface, etc. Let— 
$, = Quantity of heat per ft." in products entering boiler. 
+, — Quantity of heat per ft.s in products leaving boiler and 


entering economizer. 
&, = Quantity of heat per ft." in products leaving economizer. 
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V = Volume of products per hour reduced to s.t.p. 

H. = Area of boiler heating surface in sq. ft. 

H: = Area of economizer heating surface in sq. ft. 

M: = Modulus of heat transmission through boiler H.S. 

M:z= Modulus of heat transmission through economizer H.S. 
The amount of heat transmitted through an ele- 

ment of heating surface dH. will be: dH.M.%. The 

volume of products flowing past this place in an hour 

is V cub. ft., and the heat lost by it will be: V.d®. 

When steady conditions have been attained, these ex- 

pressions must be equal to each other, therefore: 


a4H.M.@ = — V.44, equal to: 


aH Vii 
— => —— - . %&. 2 > (1) 
dg M. ® 
Integrating (1) there is obtained: 
V 
eT a : : . (2)* 


To determine the constant, make H = 0, at which 
place the entrance to the boiler, ® =*, and the con- 
stant 1s: 


V 
ot log $,. 
M 
Taking the integral over the whole heating surface 
from the entrance where ® = ®,, to the outlet when 
# —#,, there is obtained the equation: 
HM $, 
——=log | — : : ; : . (3) 
Vv &, 


Having observed V. H. ®,, and *®., the modulus M, 
can be obtained from the equation: 


zee. Soe (4) 


} 
Finally having found M, and fixed on the ratio a ; 
2 


the heating surface of any boiler to deal with V cu. ft. 
of products per hour can be calculated from the equa- 
tion: 


H=~—.log | — (5) 


M: 

The same argument applies to the economizer ex- 
cept that M,, %,. and %, are substituted for 
M,, ®, and ®,. 

The modulus for boiler M, and that for economizer 
M, have been calculated from the data furnished by 
the tests recorded above with the results shown in 
Table XIII. 


In the case of the economizers the results are 
rather inconsistent. It is, however, interesting to note 
that in Test III., which gives the highest value of M,, 
the economizer was new and was being supplied with 
Loch Katrine water, which is ideal for boiler purposes. 


V \=| 


*The logs are the Naperian or natural logarithms. 
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Table XIII. 


Boiler. Economizer. 
Test ?, ?, d, ° 
Lb. cal. Lb. cal. Lb. cal. #: ®, 
. a: M;: — 4 Ms 
oe ?, 


I.xp. 10.75 519 340 207 170.4 1.53 224.5 

I. 12.65 5.59 366 226 1783 1.53 177.2 

[I. 887 473 3.73 1.88 172.8 1.27 119.5 

ITT, 12.47 610 345 2.04 162.6 1.77 237.9 

IV. 9.26 6.26 5.39 1.48 169.8 1.16 117.5 

It will be noted that the modulus, in the case of 

the boilers, is fairly consistent, the average value be- 

ing 170.8. If it be taken as 171, equation 5 can be put 
in the form: 


Vol of products pr hr at s.t.p. 
171 


The next highest is the experimental one when the 
economizer was also new and supplied with Mother- 
well water, which is a fairly good water. The third 
highest, Test No. I., was also supplied with Mother- 
well water, but the economizer had been in use for 
some time, so that the pipes were probably somewhat 
scaled. The two lowest results, Tests II. and IV., 
were both fed with water from Kilbirnie Loch in 
Ayrshire, and the water is rather hard. 

If the average of the three highest values be taken 
we obtain the value 213.2, or in round figures 210. 
Equation 5 can then be put in the form :— 


*,| = Heat’g surface 
xX log |—| = 


2, of boiler in sq ft 


Volume of products per hour at s.t.p. >, Heating 
 ——— log | — | = surf’e of 
210 2, econ’r (7) 


in sq. ft. 


To enable the results of these equations to be 
found by inspection the diagram, Fig. 3, has been pre- 
pared, on which will be found a scale at the bottom 
left-hand side giving values of volume of products per 
hour; the diagonal lines above this scale give different 
values of the modulus M. To the right of these are 
another series of diagonal lines giving different values 

?, ?, 
of the ratio — or — as the case may be, whilst at 
2 3 
the top right-hand side is a scale from which the appro- 
priate area of heating surface of boiler or economizer 
can be read off. 

The method of using the diagram is to select on 
the scale of volumes the value which applies to the 
case, pass vertically upwards to where the line cuts 
the value chosen as the modulus, then horizontally 
across to the intersection of the line giving the value 
chosen for the ratio of heat contents, then vertically 
upwards to the scale of heating surfaces, when the 
value required will be found. 

Consideration may now be given to the rate of 
heat transmission through the boiler-heating surface. 
This will depend on two factors :—(a) The difference 
of temperature between the average heat of the hot 
products in their passage through the boiler chamber 
and the water inside the boiler, constituting the heat 
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gradient through the thickness of the material forming 
the heating surface. (b) The speed of flow of the hot 
products over the heating surface. 

It will be assumed, what is probably correct, that 
when the speed of flow is constant the rate or trans- 
mission through the heating surface of the boiler will 
vary directly as the heat gradient, and that when the 
heat gradient is constant the rate of transmission will 
vary directly as the speed of flow of the products. It 
will also be assumed that the figure obtained by divid- 
ing the average volume of products passing through 
the boiler chamber by the area of heating surface will 
be proportional, with boilers all of the same type, to 
the speed of flow. With these assumptions Table 
XIV. has been calculated. 
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logarithms to base 10 of P and T are plotted as co- 
ordinates the points will lie in a cluster through which 
a straight line can be drawn inclined to the horizontal 
at an angle whose tangent is 0.32 and which will cut 
the vertical axis at 2.017, from which the following 
equation can be derived :— 

T= 104 x (P)°" . ; ‘ . (8) 

This equation can be written— 

Log « T = 2017 + 0.32 log»P  . . (9) 
in which form it 1s easily:solved with the aid of a table 
of logarithms. 

Values of T have been calculated for the several 
tests recorded in the first section of this paper 
and tabulated in column 6 of Table XIV. against the 


‘“Higaric Svavace. H. 
300 400  _@00 800 000 S00 2000 3000 000 6000 8000 000 
sewn rear 


Fig. 3—Chart showing relation of products of combustion to heating surface in water- 
tube boilers of the Babcock type. 


?, 
= 2.3026 * log 10 - Where H = 


ume of products a combustion in cub. ft. per hour. 


Heating surface in square feet. 


V = Vol- 


: = Heat contents per cub. ft. of 


products entering boiler. #: = Heat contents per cub. ft. of products leaving boiler. 
nt = Modulus of heat transmission through heating surface. 
: dable ay F F values from the experimental results. It will be noted 


Ht. trans- Ht. trans- 


Test. Heat Vol. per Product of mission mission 


gradient. min. Z2and3. fromtest. from 

H.S. . ‘formula. 

Lb. Cal. Lb. Cal. 
Exp. 214.3°C 9.34 2002 961 1184 
I, 257.4° C. 9.39 2416 1390 1258 
II. 174,7° C. 10.02 1753 1076 1135 
III 280.8° C. 9.88 2775 1339 1314 
IV 198.7° C 17.04 3386 1382 ¥401 


Let— 

G = Heat gradient as defined above. _ . 

S = Volume of products per minute divided by area of heating 
surface as defined above. 


=GX6&. 
Ta Heat transmitted through heating surface-in lb. calories 


per sq. ft. per hour. 


It will then be found that if the common 
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that the experimental boiler and No. 1 do not agree 
very closely, but that the others are in fairly close 
agreement. More experimental data are, however, re- 
quired over a wider range of values, and it is hoped 
that any of the members who may have such data in 
their possession will be good enough to communicate 
them. _ 

It will be noted that in fixing the heating surface 
we determine the ratio of heat contents of the prod- 
ucts entering and leaving the boiler chamber, whilst 
in determining the heat transmitted per square foot of 
the heating surface what we require to know is the 
temperature entering and leaving the boiler chamber. 
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The temperature entering will, in the case of an exist- 
ing furnace, be obtainable by actual measurement with 
a pyrometer, and in the case of a new furnace can 
be approximated from the known results obtained 
with similar furnaces. 

To obtain the temperature of the products leaving 


© 
the chamber, having fixed upon the ratio of — it will 


?, 


be useful to have an equation connecting temperature 
with heat contents in a form convenient for use. 


a 


If the analysis of waste products given above be 
taken as a good average sample, the equation connect- 
ing temperature with heat contents is— 


0.195it +- 0.000,003,6t? = # = heat contents per cu. foot. 
This quadratic equation is not particularly con- 
venient for use, but if values are calculated, and their 
logarithms plotted with the logarithms of the tem- 
perature as coordinates, an equation is obtained which 
is easily solved with the aid of a table of logarithms. 
It 1is— 
Log t° Cent = 0.939 (1.846 + log #) . . (10), 
Table XV. gives values of heat contents corre- 
sponding to the most useful temperatures likely to 
occur in waste-heat boiler practice, and also the re- 
sults obtained from equation 10. 


Table XV. 
Temperature in deg. Heatcontentsper Temperature from 


Cent. cubic foot ® equation 10. 
100 1.987 103.1° 
200 4.046 ~  202.2° 
300 6.176 299.1° 
400 8379 '  -908.4° 
500 10.654 499.1° 
‘600 12.996 599.4° 
‘700 15.424 706.3° 
800° 17.912 813.0° 


Another point which is of interest is the question 
of the resistance to flow of the, hot products through 
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between the boiler tubes, and what suction, measured 
in water gauge, must be provided to overcome the re- 
sistance and still leave enough pull at the entrance to 
the boiler to maintain the draft necessary for the 
efficient operation of the melting furnace. The ex- 
perience which has been gained in the past has prac- 
tically been with boilers fired with either solid, liquid, 


or gaseous fuel in which there was actual combustion 


under the boiler. Under these circumstances the vol- 
ume of the products of combustion is not so large as 
where the whole products from a large smelting fur- 
nace have to be dealt with. Making the same assump- 
tion which was made with regard to the rate of heat 
transmission, viz., that the rate of flow of the products 
is a function of the volume per minute divided by the 
heating surface, and calling this f (v), it would appear 
that a simple linear equation of the form :— 


0.16f (v) = suction in inches W.G. .. .. (11) 


will give results closely agreeing with the limited 
number of observations available, as Table XVI. will 
show :— 


Table XVI. 

Suction en- Suction leav- From 
f(v) tering boiler. ing boiler. Difference. formula 

.W.G. W.G. .G. W.G. 
9.39 0.91 in. 2.43 in. 1.52 in. 1.50 in. 
9.88 1.60 in. 3.05 in. 1.45 in 1.58 tn. 
10.02 1.00 in. 2.50 in. 1.530 in 1.60 in. 
17.04 1.00 in. 3.75 in. 2.75 in 2.72 in. 


More experimental data are, however, required 
before the curve can be accurately determined. As 


‘none either of the boilers or economizers which were 


tested were prepared in any way for the test, but were 
taken in their actual working conditions, some of the 
discrepancies between the actual and the calculated 
results are no doubt due to the state of the tube sur- 
face as to freedom from deposit on the outside and 
scale inside. 


None of the boilers above referred to were pro- 
vided with superheaters, but there is no doubt that 
such could be quite well applied with the advantage 
of obtaining steam containing a greater store of 
energy. | 

With regard to the actual setting of the boiler, 
economizer, and fan, it is important to keep the pass- 
ages short and direct, avoiding all quick bends, also 
to do everything possible to prevent air leakage. 
There must also be provided plenty of explosion doors, 
which must be air-tight when closed. So important 1s 
the prevention of air leakage that the author is of 
opinion that where waste-heat boilers are to be used 
the air valves of the furnace should be water-sealed, 
as the butterfly valves usually used for air are far from 
being tight. 

A good layout of the plant 1s shown in Fig. 4, from 
which it will be seen that a three-way water-sealed 
valve of the drum type is arranged to send the prod- 
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ucts either to the boiler or direct to the chimney, and 
that the fan discharges back into the chimney, as even 
at their low temperature, after passing over boiler and 
economizer, some pull could be secured from the chim- 
ney to help the fan. 


Collecting the more important results of the tests 


detailed in the first part of this Paper, Table XVII. 


is obtained. 


The average of the weights of steam per ton of 
ingots is 987.5 lbs. As only one of the boilers in the 
above tests was receiving all the waste products of 
combustion, and it was too small to deal properly with 
the amount, while the others were only using about 
two-thirds of the products from their respective fur- 
naces, there seems reason to believe that at least 
1,200 Ibs. of steam per ton of ingots would have been 
obtained under more favorable conditions. 


Table XVII. 


Item. Exp. I. LE ITT. IV. 
Heat usefully em- 
ployed in boiler, 
Ib. Caliciccnecss 1,555,000 2,540,000 2,360,000 2,934,000 3,031,000 
Weight of steam 
of dryness fac- 
tor 095 gen- 
erated per hour, . 
IDS. raiaehs 2,440 3,792 3,728 4,616 4,736 


per ton of 
ingots, Ibs..... 1,084 949.3 855.3 1,252 796.9 
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Experience has shown that in a steelworks making 
plates and bars, and in which the power plant is not 
particularly up to date, most of the mill engines be- 
ing of the simple high-pressure type, the shears being 
similarly driven, and even some of the live roller racks 
being driven by small and wasteful engines, whilst the 
pipe ranges are of considerable length, the steam con- 
sumption works out at 3,200 lbs. per ton of ingots. 
Even in such a case, therefore, the saving in boiler 
fuel which could be effected by the use of waste-heat 
boilers on the smelting furnaces would be 43.75 per 
cent. Another source of steam, which has not been 
dealt with in this paper, is the waste heat from the 
reheating furnaces. The volume of products would 
be less per furnace, but from some tests made it would 
appear that the temperature is higher. A very con- 
servative estimate will therefore be, that under the 
conditions named above, a saving of 50 per cent in 
boiler fuel can be made by utilizing heat at present. 
in nearly every case, going to waste. 


More experimental data are, however, necessary, 
and it is to be hoped that all of the members who may 
have such in their possession will, in the interests of 
engineering science, communicate them, so that the 
deductions which have been drawn from those herein ‘ 
recorded may be either confirmed or, where necessary, 
modified. 


Record of an old Ferro-Silicon Furnace 


Historical Account of Blast Furnace Plant Originally Built in 1792, 

Which Was Operated and Improved Upon First by the Southern 

Iron Company and Is Now a Part of the Warner Iron Company. 
By I. PETERMAN. 


The story of this furnace and its successor may be 


interesting to readers of the trade papers. According 
to accounts and history gleaned from the few old 
timers remaining in this district, the building of the 
original furnace occurred in 1792, this was further con- 
firmed by the location of several stones, one of which 
was marked “J. R. 1792.” I am unable at this time to 
state to whom the “J. R.” refers. This early furnace 
was of the hillside type, the original foundations are 
still in existence but covered with slag and rock; the 
ore was mined on the hill adjoining the furnace and an 
old-timer tells me that they burnt the ore which I 


assume to be that it was roasted in some sort of a 


kiln before charging. There were two mines of brown 
ore in close proximity to the furnace and it seems that 
they mined the ore from the very hill to which the fur- 
nace adjoined, the pits are now almost filled up with 
rock and dirt from the washing of soil from the moun- 
tains, the burden was charged according to old methods 
found in conjunetion with hillside furnaces. 


Google 


Later, in 1832, this property was acquired by the 
Van Leers, a stone marked AWV-1832 was found on 
the property. This firm operated the furnace success- 
fully at that time under the able management of a Mr. 
Stone. This gentleman is now one of .our most suc- 
cessful farmers and has vast properties in this district 
which he and his sons farm today. 

Sometime previous to, or during the Civil War, this 
furnace made cannon balls for the army of the Con- 
federacy, several of the balls are in the possession of 
citizens of this district and one is at the company hotel. 
After the Civil War the furnace shut down and I am 
unable to learn what disposition was made-of the ma- 
chinery and outfit in general. 

In 1892 the Southern Iron Company built a smal: 
stack about one quarter mile from the site of the orig- 
inal furnace and after a series of ups and downs com- 


“mon to the old-time stacks due to guesswork and “per- 


haps” methods of operation, the furnace was acquired 
by the Warners. This took place about 1883 and, if ! 
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am correctly informed, a new furnace was built which, 
in those days was considered a marvel. I have no 
record of any changes being made in the furnace lines 
since that time. 
possession of the Warner Iron Company at their plant 
in Cumberland Furnace, Tenn. 


This furnace is still running and will be running 
many years from now, they are producing a good grade 
of blast furnace ferro-silicon, some analyses of which 
follow : 


Month Year Silicon Sulphur Phos. Mn. 
December ....... 1917 7.79 027 
December ....... 1917 7.31 021 
December ....... 1917 8.40 017 1.99 25 
December ....... 1917 8.26 019 
January ......... 1918 10.34 O17 2.41 oor 
September ....... 1918 10.25 046 99 43 


The foregoing will serve to illustrate the kind of 
iron that has been made in the past two years. I have 
some laboratory records at hand showing iron of 12 
per cent silicon, 019 sulphur, 1 per cent and under 
phosphorus and under .50 per cent Mn. In 1918 the 
burden was composed of brown ore, mill cinder, puddle 
cinder, mill scale and the usual rock and coke. Some 
analyses of brown ore used follows: 


Although I have given only three analyses on Ore 


The stones spoken of are in the - 
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B we use this ore in greater quantities than Ore A, in 
fact two-thirds of the burden is made up from Ore B. 
Our furnace is small, producing 50 to 75 tons as a usual 
days run. There are times when these figures are con- 
siderably increased. 


Ore Iron Insol Phos. Mn. Ald 
A 


46.10 22.98 

46.00 19.50 

48.10 18.€ 38 21 

52.80 13.26 18 21 

51.€0 15.32 22 17 

BR 46.00 21.€ 1.21 24 1.72 

49.98 14.20 

20.00 20.00 1.06 


I would greatly appreciate any comments from out- 
side furnace men in case I have made any errors, it 
may be my good fortune t oget a more detailed 
account of these old-time furnaces at a later date and 
I will place them before the readers for comment. 

In conclusion let me sav that the officers of the pres- 
ent company are Mr. Joseph I. Warner, president; Mr. 
J. H. Bandy, secretary and treasurer, and Mr. E. W. 
Patterson, superintendent. The future of the furnace 
is assured as the company has two first class brown 
ore mines, results of analyses are given above. Fur- 
ther, these mines are just of recent opening. Both 
are strip mines. 


Combustion Characteristics of Coals 


Factors Entering Into the Success of Equipment Selected for 
Burning Different Kinds of Coal—Performance of Various 
Types of Stokers—Data on Grades of Coal. 


Many factors enter into the success or failure of 
cquipment selected for burning different kinds of coal. 
Not long ago careful consideration was given to the 
available fuels in different markets, and a particular 
stoking equipment was selected that seemed to be best 
suited for a particular kind of coal. In these critical 
times however, this viewpoint has necessarily been 
changed, and it 1s not now a question of choosing a 
particular kind of coal and then selecting the apparatus 
to burn that fuel but rather the selection of stoking 
equipment that will burn a wide range of coals. That 
is, it is not possible now to choose the coal that will be 
used for any particular industry, but the equipment 
must be selected and arranged to burn the coal that 
can be obtained, irrespective of the quality. | 

In selecting stoker equipment, four factors should 
be carefully considered. Surprisingly, the most im- 
portant of these is not the kind of coal to be burned, 
but rather the load condition of the plant. These four 
factors, in the order of their importance, are: 


1. Load conditions. 

2. Available coal. 

3. Draft conditions. 

4 Application conditions. 


ea 


_ tained. 


The nature of the load, and the amount -of coal to 
be burned by any particular apparatus, are most im- 
portant, for the reason that if certain load conditions 
dominate, irrespective of everything else, stoking ap- 
paratus must be selected for the condition. This is 
also necessary for the reason that different types of 
stokers can burn the same kinds of coal, but each type 
of stoker is limited as to the continuous overload 
capacity that can be successfully maintained and as to 
its maximum reserve possibilities. For example, an 
overfeed stoker will burn West Virginia coal very sat- 
isfactorily up to possibly 200 per cent of boiler rating. 
On the other hand, the multiple-retort underfeed type 
of stoker will burn this coal equally successfully at 
200 per cent of rating, but it is not limited to this 
capacity, as 300 and 400 per cent of rating can be ob- 
In a case of this kind, the load conditions 
would decide the stoking equipment best suited for the 
work. 


Coals in United States. 


The combustion characteristics of coals mined 
throughout the United States vary considerably. 
Starting in the eastern portion are the anthracites, and 
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such coals as Pocahontas, Clearfield and New River 
from West Virginia and Maryland, gradually getting 
into the Pittsburgh and Ohio coals. In the Middle 
West are Illinois, Missouri and Kansas coals which, 
with their free-burning characteristics, are entirely dif- 
ferent from the eastern coals. Going farther west are 
the Denver lignites with their high percentage of mots- 
ture, which again are different from the lignites of 
Texas and North Dakota. 

Various poor grades of these coals must be con- 
tended with by central stations and industrial plants, 
and the object of this paper is to outline briefly. the 
action of these coals on different types of stoker equip- 
ment. Only the type of stoker equipment best suited 
for load and coal conditions is discussed; the draft and 
setting conditions, on the other hand, might be the de- 
ciding factor in a particular installation. 


Anthracite Coals. 


The larger sizes of anthracite coal are taken for 
domestic use, and only the smaller sizer are available 
for firing steam boilers. On account of the small size 
this coal is very difficult to burn, and in general noth- 
ing has as yet been devised to handle this fuel success- 
fully. On account of the high percentage of fixed 
carbon in the coal, it is difficult to ignite, and expert 
firing must be used to obtain any results at all. In 
burning this coal, a rene pressure is used under the 
fire. 

A few years ago, evaporative tests were conducted 
on the overfeed type of stoker with the smaller sizes 
of Nos. 1, 2 and 3 buckwheat coal and fairly good re- 
sults were obtained as given in Table I. 

Another test on the overfeed type of stoker gave an 
equivalent evaporation of 8.4 lbs. of water from and 
at 212 degrees F. per pound of dry coal when using a 
mixture of run of mine bituminous coal and anthracite 
buckwheat. No. 2, in the proportions of one-quarter 
bituminous to three-quarters anthracite. This result 
was obtained when the boiler was operating at ap- 
proximately normal rating. 


Table I—Performance of Overfeed Stoker. 


Applied to 250 and 500-hp. boilers when burning buck- 
wheat anthracite coal. 
Performance characteristics. 


250 hp 500 hp 
Percentage of boiler rating during test....... 776 87.4 
Duration of test, hours............. 002 cece 9.5 10. 
Temperature of flue gases degrees F......... 713 581 
Pounds of dry coal per sq. ft. of grate surface 
Per MOU aahdardaseee ed eb eae a nese ~14.5 13.7 
Equivalent evaporation from and at 212° F 
per ibicdry coal) «cc sang esis navet tee cues 7.21 8.63 
Equivalent evaporation from and at 212° F 
per Ib. combustible ..................-0. 8.54 10.67 


Coal used—P. & R. anthracite rice: 
05.7 per cent passing through a 3/&-inch round mesh 
41.6 per cent passing through a 3/16-inch round mesh. 
4.7 per cent passing through a 1/16-inch round mesh. 
Although the handling of this coal on an overfeed 
type stoker, as stated above, gives fairly good results, 


it is not so successful that, it could be used generally. 


Google 
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That is, each successful installation seems to be sur- 
rounded by good local conditions and a good under- 
standing of the requirements of burning this coal. 
There are many plants in service giving good results. 

This coal has been burned on many types of chain 
grate stokers, but has not, in any way, been successiul 
except on that type using grate bars particularly de- 
signed for fine anthracite coal and permitting the use 
of air pressure under the fuel bed. There have been 
many recent installations of this type of chain grate 
for handling small sizes of anthracite coal, and al- 


. though defnite information 1s not available at this 


time, this method promises to excel others for this 
particular coal. 

Attempts made to burn the fine anthracite coals on 
the underfeed type of stoker have generally been un- 
satisfactory. On account of the high fixed carbon 
content of anthracite coal, there is no question but 
that it can be handled best on a flat grate or an over- 
feed type of grate or stoker. While attempts to burn 
this coal on an underfeed type of stoker have proven 
unsuccessful, a mixture of eastern bituminous and 
anthracite screenings has been burned satisfactorily. 


Table II—Effect of Various Percentages of Anthracite Coal. 
Anthracite Coal Cost of Mix- 


Per cent of Mix- ture per Cost of Coal per 1,000 lbs. of 
ture ton Water from and at 212° F. 

Mixture Dollars Dollars % 

3. 0.132 100 

25 2.625 0.126 96 

33.3 2.50 0.123 93 

40 2.40 0.120 91 

50 2.25 0.120 91 


The objection, however, to this is that an elaborate 
mixing scheme must be used to obtain a proper and 
thorough mixture of the two fuels. | 

Recent tests conducted on the inclined underfeed 
stoker show that about 600 Ibs. of a mixture of 50 
per cent anthracite and 50 per cent bituminous coa! 
can be burned per retort per hour. Of course, the 
object in burning a mixture of bituminous and anthra- 
cite coal is to reduce to a minimum the cost of mak- 
ing steam. The relative cost of the anthracite and 
bituminous coal is, therefore, the main factor. As 
the percentage of anthracite coal is increased, the 
total amount of coal necessarily burned also increases. 
due to the lower heating value per pound of the mix- 
ture, and also the lower efficiency. Test results show 
that from a zero percent mixture of anthracite with 
bituminous coal to a mixture of 50 per cent anthracite 
and 50 per cent bituminous, the efficiency dropped 
7 per cent. The. amount of refuse handled also 
increases when burning this mixture, and the fixed 
charges increase due to a reduction in capacity. There 
is also, as stated above, an additional cost of mixing 
the two coals. As all of these factors vary for differ- 
ent plants and localities, the percentage of anthracite 
coal that will permit minimum unit costs differ so that 
each individual case must be considered when the in- 
dividual conditions are known. 
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To illustrate, in Table II is shown the cost of evap- 
orating 1,000 Ibs. of water from and at 212° F. on the 
basis that bituminous coal costs $3.00 per ton and 
anthracite coal, $1.50 per ton. 


Eastern Bituminous Coals. 

The coals used in most of the large representative 
central stations and industrial plants in the East are 
mainly the semi-bituminous and bituminous coals 
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Fig. 1—Installation of stokers of Norfolk & Western Rail- 
way Company’s Plant, Bluestone, W. Va. 


coming from West Virginia, Pennsylvania, Maryland, 
etc. This coal can be burned very successfully on the 
overfeed and the inclined underfeed type of stoker; 
also on some types of single retort underfeed stokers. 
On account of the characteristic caking of this coal 
when burned, the chain grate stoker is not suitable. 
The selection of either an overfeed or an underfeed 
type of stoker is then reduced to a question of load 
conditions. 

For the large central station plants where extreme 
flexibility is required in the equipment in order to take 
care of peak loads and sudden demands for steam, 
there is no question but that the multiple retort in- 
clined underfeed stoker should be used. In industrial 
plants, where not more than 200 per cent maximum 
reserve capacity is required in a stoker equipment, the 
overfeed type of stoker, will, in the final analysis, give 
the best results. For example, with the inclined un- 
derfeed type of stoker, a range of operation can be 
obtained from 50 per cent of boiler rating to 400 per 
cent of boiler rating with very little difference in 
efficiency, as shown in Table III. For the overfeed 
type of stoker, the range of operation is within the 
limits of 75 to 200 per cent of boiler rating. 


A few years ago, the most successful type of stoker 
for handling Pittsburgh coals was the overfeed type, 
and even today it is questionable whether, within the 
limits of the operation of this type of stoker, more 
satisfactory: equipment can be obtained. The inclined 
underfeed type of stoker, having come into use‘in the 
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last few years, has shown its ability to handle Pitts- 
burgh coal very easily and, in addition, is giving 
more satisfactory results than are obtained with the 
overfeed type of stoker when higher ratings must be 
obtained from the boilers. Therefore, in the selection 
of a suitable stoker equipment for burning this coal, 
the load condition would decide the question as to 
whether or not the inclined underfeed type would be 
used or the overfeed type of stoker. 


Table. II1I]—Performance of Underfeed Stoker. 


Applied to a 400-hp. boiler when burning eastern bituminous 
coals. 


Per cent of boiler rating 


QUTIHS LOGE (obs se4 505 x65 20% 50.7103 145 202 = 136! 


Duration of test; hours...... 25 24 13.25 24 2 
Temperature of flue gases, 

CO OTEOR ee 54 5 ewscc a kee ain 429 465 505 605 743 
Pounds of dry coal per sq. ft. ; 

of grate surface per hour.. =i, (OM ) 237. 385. JZ 
Carbon dioxide, per cent..... 12:7 4143 27 36 154 


Per cent of efficiency of boiler, 
furnace and grate, based on 


TM CORN ia Sip arademtet/Antrarsonrnn 79.7 7802 766 755 598 
Approximate Coal Analysis. 
PEF CONE SHOUEURE Soo otek ee sek cd Meee eel EOS 4 
Per: CHOY VOlati AClEt <6 52 oe ies oe 24.1 
Per SORE TREE Gar DUG so os, 46 aai9. co us auch oe ance ne leans 68.6 
PGE GONG ASN? Sime epee as axel ai Ee ARAB 7.28 
BSlt: MES 36s tas ees RSG RAN Eee ee Rea ba 14963 


There are many plants in the Pittsburgh district 
where chain grate stokers are used. While it cannot 
be said that this stoker is wholly unsatisfactory for 
these fuels, on account of their coking qualities and 
the characteristic caking effect, the principle of the 
chain grate stoker is fundamentally wrong for such 
coals. 


Fig. 2—Underfeed stoker installation. 


Table IV—Performance of Overfeed Stoker. 
Applied to 335-hp. boiler when burning Pittsburgh coals. 


Per cent of boiler rating during test........... 105 210 
Duration of: test? BOWS. costed at tanvesioes 10 8 
Temperature of flue gases, degrees F.......... 503 718 
Pounds of dry coal per sq. ft. of grate surface 

DEP NOEE: wcitisa5 eta eenieheiweaaeke aaa enews 17 38 
Calorific value of dry coal per Ib.............. 13428 13202 
Per cent efficiency of boiler, furnace and grate 

based On tx COR) scecc cece vices soe phDGtE 75.5 688 

Original from 
UNIVERSITY OF CHICAGO 


496 , | The Blast burnace™ Steel Plant 


The manner in which they act on a chain grate 
stoker was quite apparent in a test recently conducted 
on a chain grate stoker having a front choking plate. 
As the coal ignited, it was pushed off this coking 
plate by means of plungers and it passed onto the 
chain part of the stoker in large lumps, resembling 
blocks. On this particular stoker, forced draft was 


Fig. 3—Overfeed type of stoker. 


used. By viewing the furnace fire, it could be seen 
that the air was going up between these blocks of 
coals and not through them. In other words it seemed 
that if one could get into the furnace and paddle down 
the fuel bed, covering up these holes, proper results 
could be obtained. In general, this is the action of 
this coal on any type of chain grate stoker. 


Coke Breeze. 


In the Pittsburgh district, there is considerable 
coke breeze that is now without a market, due to the 
fact that there is nothing that can satisfactorily burn 
it. Many attempts have been made to burn this on the 
overfeed type of stoker, and all of these have resulted 
in miserable failures. The best way to burn coke 
breeze at the present time is on a flat grate with a 
medium pressure under the grate. A special design 
chain grate type of stoker is being installed in many 
plants and promises to give a really successful way 
to handle this fuel mechanically. Forced draft is used 
with this stoker. 


no commercial success has vet been attained. 


Middle West Coals. 


In the Middle West, where Illinois grades of coal 
dominate, in general, the chain grate type of stoker 
is most suitable for limited boiler outputs—up to 
about 200 per cent of boiler rating. It is surprising, 
however, to find that in Indiana, where the coal veins 
are adjacent to those of Illinois, the overfeed type of 
stoker is more generally used. This is because some 
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Attempts are now being made to 
burn this breeze on the underfeed type of stoker, but 
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of the coals in Indiana have more of a coking or cak- 
ing nature than a free burning characteristic. 

The inclined underfeed type of stoker is now being 
installed for handling Middle West coal, and the one 
thing that will make it permanent is the flexibility 
of the equipment and the possibilities of higher boiler 
ratings. 


Fig. 4—Section of furnace chamber, underfeed stoker. 


Table V.—Performance of Chain Grate Stoker. 
Applied to a 514-hp. boiler when burning low-grade Illinois | 


coals. 
Per cent of boiler rating 
AUPINg COSC. coi 5s Call ee ces 117 150 169 189 
Duration of test, hours....... 8 6.5 8 8 


Pounds of coal as fired per 

sq. ft. of grate surface per 

WOU cui eeks 3 24-s.cose es va'eie - 329 43. 
Carbon dioxide, per cent..... 6.3 8. 
Per cent efficiency of boiler, 

furnace and grate based on 


GLY CORE 6. ii nek Ses wwe 88.6 65.3 65.1 60.8 
B; T;. Us per’ tb: .of Goal. as 
WEOU ccclent asec laws eho tan 10550 9205 10010 11350 


Lignite Coals. 


Years ago, the overfeed type of stoker was installed 
in the west to burn Denver lignites, and was not gen- 
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Fig. 5—Chain grate stoker. 


erally satisfactory. There are many chain grates burn- 
ing this coal and, in a general way, it might be said 
that they are fairly satisfactory. There is nothing, 
however, that has successfully handled this fuel in a 
commercial way and considerable development work 
is now being done in an endeavor to apply or change 
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the inclined underfeed type of stoker to handle this 
coal. This type of stoker has one characteristic which 
is particularly adapted for lignite, and that is that a 
very heavy fuel can be carried, and the air supply 
adjusted, which eliminates the difficulty of blowing 
holes through the fire and distributing dust and ash 
onto the heating surfaces of the boiler. 


Table VI—Performance of Underfeed Stoker. 
Applied to a 558-hp. boiler when burning Illinois Cartervill 


Coal. 
Per cent of boiler rating dur- 

ING tOSh ice asi eheuce ie ves 163 182 212 328 
Duration of test, hours...... 12 12 12 2 
Temperature of flue gases, 

degrees F. ............5-.. 512 489 562 633 
Pounds of dry coal per sq. 

ft. of grate surface pr. hr... 227.7 349 37.2 62.3 
Carbon dioxide per cent... 13.6 13.4 13 15.1 


Per cent efficiency of boiler, 
furnace and grate, based 


on dry coal .............. 777 76.1 76.4 
Calorific value of coal as 

fired, B.t.u per Ib......... 11877. 10226 811232 3=. 111378 

Average approximate coal analysis. 

Per cent 4noistare ae io ase eee eee 10.3 
Per cent volatile matter............... 0.00.0 c eee eee 28.9 
Per cent fixed carbon...................0...0020 0000. 41.8 
Per Cent Ash cess G4 66 als ee Oe ee EH 18.9 
Btu: as: Ared cic o.c ck eh oe eh oR a 10226 
Bits HOLY: 225 nose as ee e enne Gai hth anhtedacp aber aned 11401 


North Dakota lignite coals have been tested, in a 
general way, on the inclined underfeed type of stoker 
mainly to ascertain the method of firing, and the char- 
acteristic action of this coal on this type of stoker. It 
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was found that the coal was extremely easy to handle 
and any clinkers that formed could be easily removed 
at the rear of the stoker. During this test, the results — 
of which are given in Table VII., it was thought that 
considerable higher ratings could be obtained if the 
equipment had been originally designed for feeding 
this grade of fuel. In all of the tests, very little 
clinker trouble was encountered, and it was not neces- 
sary to dump the fire during the seven hour test. 

There are lignites in’ Texas that still require some 
satisfactory means of burning. About every type of 
stoker has been tried out on this coal but no one seems 
to have especial advantages that would demand its 
general use. Attempts are now being made to handle 
this on the underfeed type of stoker but it yet re- 
mains to be determined whether or not this type will 
be satisfactory. 


Table VII—Performance of Underfeed Stoker. 


Apphed to a O0Ohp. boiler when burning North Dakota 
lignite coal. 
Pounds of dry coal per sq. it. of grate surface 


Per cent of boiler rating during test............. 123 = 139 
Duration of test, hours...................... Bicins 6 7 
Temperature of flue gases, degrees F........... 467 467 
MELT NOU vetoes ves sd Salih eG ewes os 32.4 31.4 
Carbon dioxide, per cent .........ccc cece eee eee 13.2 12.6 
Per cent efficiency of boiler, furnace and grate, 
based On: Wey: COal ee sate ie ed ee Moke vans 56.2 64.6 — 
. Approximate analysis of coal. 
Per cent fixed carbon............0.. 00.000 eae 30.0 303 
Per cent volatile matter.........0........0....00. 20.7 28.3 
Per Cent Moisture: acc funda debs atyeas Hotes 34.4 33.5 
Per Cent: 2Siecacec. eee sida tases heise e 59 79 
Betis sas red. doc. ck leet ek aee axes ot share 7029. +7120 


Niter Cake Substitute for Pickling Steel 


Investigation Conducted by United States Bureau of Mines 

Chiefly for the Purpose of Conserving Sulphuric Acid Shows 

the Possibilities of Using Nitre Cake for Pickling Steel. 
By E. E. CORBETT. 


Other substances than colloids are materially ef- 
fective as inhibitors or polarizers; sodium sulphate 
acts in such a capacity, chiefly perhaps in reducing 
the electrolytic dissociation of the acid and in neutra!- 
izing the influence,of the ferrous sulphate—possibly 
by forming with the latter an undissociated, or little- 


dissociated, double-salt in solution. Its usefulness 1, 


pickling is more or less accidental—secondary to the 
important proposition of utilizing the comparatively 
large quantity of sulphuric acid which occurs in niter 
cake, a by-product in the manufacture of nitric acid, 
and which is available for metal cleaning as well as 
for many other chemical purposes. 


Niter cake is, popularly, a mixture of neutral 
sodium sulphate with a varying proportion of sul- 
phuric acid; more properly, it is an impure acid sul- 
phate or bisulphate of soda carrying a variable ex- 
ces§ of sodium sulphate or, infrequently, of sulphuric 
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acid, from kettles improperly charged or prematurely 
drawn. Sodium bisulphate contains, chemically, 40.6 
per cent sulphuric acid combined with 59.4 per cent 
sodium sulphate in the double salt of the formula 
NaH SO,. Niter cake may occasionally have the 
same approximate composition, but its acidity usually 
ranges between 28 per cent and 44 per cent sulphuric 


Silica. sseueccdemea rade: Sheeran nt hee res 0.10% 
Oxides of iron and aluminum............ 5 
Freed acidity, H:sSO..................... 34.55 
Sodium nitrate ...........0ccee eee eee eee 05 
Sodium sulphate ............0..0 eee eee 64.75 
Sulphateg of calctum and magnesium.... Trace 


acid, depending on the working conditions surround- 
ing its production. In addition to the substances 
already mentioned, the cake contains small percent- 
ages of iron, aluminum and silica as regular impuri- 
ties, with traces of arsenic, sodium, nitrate or nitric 
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acid as accidental impurities. The foregoing analysis 
1s fairly typical of its composition. 

Occasional samples, from runs in which impure 
chamber acid has been used, show a trace of arsenic: 
but the occurrence of this element in niter cake is 
generally rare. 

Acid salt cake differs from niter cake chiefly in 
the method of its preparation. Acid salt cake is the 
corresponding by-product of the hydrochloric acid 
still; it 1s formed by the interaction of sodium chloride 
with sulphuric acid, and contains in addition to 30 
per cent free sulphuric acid and 67-69 per cent sodium 
sulphate traces of hydrochloric acid, chlorine and its 


oxides, sodium chloride, and other minor impurities 


incidental to the occurrence of common rock salt. 
The free acid is totally available for metal cleaning— 
the reaction mechanism is substantially identical with 
that of the niter cake solution. The presence of free 
hydrochloric acid, or of sodium chloride, in conjunc- 
tion with free sulphuric acid, is of distinct advantage 
in the cleaning of alloy steels and of heavily rusted 
carbon steels—in fact a mixture of suiphuric and 
hvdrochloric acids is the most satisfactory medium 
for this grade of work. The best Ienglish practice 
species the use of such a mixed acid in cold solutior 
where time permits of the slower rate of reaction. 


The manufacture of hydrochloric acid for metal- 
lurgical purposes, however, is carried out not infre- 
quently today on hearths on which sodium chloride 
mixed with ground niter cake is roasted under condi- 
tions which yield simply hydrochloric acid and neu- 
tral sodium sulphate. This neutral salt. ordinary 
anhydrous Glauber’s salt, finds its chief utilization in 
_yvlass-making; and as, unlike niter cake and acid 
sodium sulphate, it possesses no acid properties, it is 
not a pickling, or metal-cleaning agent. 

Niter cake is, then an indefinite chemical com- 
pound which, like sodium bisulphate, or acid sulphate, 
breaks up in solution into sodium sulphate and free 
sulphuric acid, entirely available as such for metal 
cleaning. Thus the pickling capacity of one pound 
of the niter cake whose analysis is cited above is 
equivalent to 0.37 Ib. 66° Be. (93.2 per cent) sulphuric 
acid, or to 0.44 Ib. 60° Be. (78.04 per cent) sulphuric 
acid. 

These figures are based on actual plant tests. and 
agree substantially with those calculated from theo- 
retical considerations. The conclusion to be drawn 
from them is plain: the acid present in the thousands 
of tons of niter cake produced in the manufacture of 
nitric acid for explosives may be utilized to the ex- 
tent of releasing an equivalent amount of technical 
acid from industries which may find it economically 
practicable to adapt their processes to the use of a 
substitute. The niter cake which 1s left to weather in 
the open, soaking into the land and polluting the 
streams, 1s a source of manufacturing nuisance, as 
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well as an economic waste, the correction of which 
would partially relieve the strain on sulphur and acid 
production. A number of industries are qualified to 
assist in ameliorating this condition; steel manufac- 
ture alone might absorb 30,000 to 50,000 tons of niter 
cake, releasing 10,000 to 15,000 tons of sulphuric acid 
(100 per cent) per month without seriously interfer- 
ing with its present output. 


‘Cleaning with niter cake solution does not differ 
essentially from pickling with acid, but it introduces 
certain necessary manipulative changes due to the 
presence of sodium sulphate in large proportion as a 
diluent. Sodium sulphate in hot concentrated solu 
tion tends to reduce the activity of the acid; as a 
result, pickling with niter cake alone requires from 
1% to 2% times the period demanded by acid under 
similar conditions. This retarding circumstance ap- 
plies to the use of niter cake of approximately 33.3 
per cent acidity, in which the ratio of sodium sulphate 
to free acid is 2.1. As, however, the niter cake solu- 
tion may he further activated by the addition of tech- 
nical acid, it is found in actual experience that as the 
ratio, sulphate to acid = 2, is diminished, the pick- 
ling time for niter cake solution approaches that for 
acid alone; until, at unity, the niter cake solution acts 
as rapidly as acid. The reaction velocity of the solu- 
tion of niter cake of acidity 41 per cent 1s at least 
twice as great as the solution of a cake of 32 per cent 
acidity at the same temperature and concenu..:on. 
Ifence, a mixture of three parts of niter cake with one 
part of 60° acid, or four parts of niter cake with one 
part of 60° acid should serve to maintain normal pro- 
duction and at the same time effect a saving of acid. 
In some processes it has been found practicable after 
a few experimental runs to substitute acid entirely 
with niter cake; the time element involved in experi- 
ment and operation, however, forbids entire substitu- 
tion in most work. 


The addition of sodium sulphate with acid. as an 
unavoidable component of niter cake, tends to de- 
crease the life of the bath because of the compara- 
tively rapid increase of solids in a solution; a niter 
cake solution dies down twice as fast as acid of the 
same strength. Consequently the tubs must be 
cleaned more frequently, especially when 8.10 per cent 
acidity is the normal working concentration. In most 
works operating with niter cake solution the bath 1s 
made up with niter cake and acid sufficient to give 
the desired strength for pickling (2.10 per cent free 
H,SO,, reckoning the acidity as H,SO, vs. water, 
rather than H.SOQO, vs. weight of solution) ; successive 
additions of niter cake and acid are made during the 
day as deterioration of strength demands until the 
density of the hot solution approaches specific grav- 
ity 1.26 to 1.28. “Killing down” is then began; the 
temperature of the solution raised to 200 to 205° F. 
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and maintained until analysis shows an acidity of 
0.002 to 0.004 gm. H,SO, per c.c. 

Control analyses are made by titrating 10 c.c. of 
the pickle liquor against normal sodium carbonate, 
Methyll Orange indicator; or with normal sodium 
hydroxide, the formation of a small permanent tron 
hydroxide turbidity being taken as the end point. 
Each cubic centimeter of standard alkali represents 
approximately 1 per cent of free acid by volume. 

It is not practicable to use a niter cake solution 
after the concentration of inert salts has by repeated 
additions been raised to the equivalent of 44-50 parts 
of sodium bisulphate in 100 parts of solution. If such 
a solution be cooled to atmospheric temperature crys- 
tals of ferrous sulphate may be recovered and the 
mother liquor again used for the acid which it carries; 
but the large proportion of sodium sulphate increases 
until it finally reduces the mobility of the liquor to a 
low efficiency. 

Occasionally it is found practicable, through nor- 
mal interruptions of operation, to let settle the par- 
ticles of scale and other extraneous mater suspended 
in the bath, to draw off five or six inches of “sludge” 
from the bottom of the tank and replace with an 
equal volume of water and niter cake. 

By the installation of a supplementary system for 
continuous operation in conjunction with the pickling 
the settling may be even more comprehensively ef- 
fected. Such a system involves the use of two extra 
tanks separate from the actual pickling vats. The 
initial cost of installation is moderate, the cost of 
maintenance small. 


The first of the supplementary tanks serves partly 
as a pass tank, into which the partially spent pickle 


solution may be dropped by gravity prior to being 


raised by steam-injector, air-lift, or compressed air 
to the main settling tank. The latter, in turn, 1s 
placéd on a higher level than the main pickle tank, 
to permit again of gravity flow from the upper levels, 
gauge-controlled, back to the working tank. 

The first, or pass-tank, may, by the introduction of 
the necessary steam coils and proper ventilation, be 
used as a dissolving or fortifying tank. Here the 
acid or niter cake is run in and dissolved to the neces- 
sary amount, and the solution then raised to the main 
settling tank, in which dirt and suspended rust and 
scale are deposited and at intervals drawn off at the 
bottom with such sulphate crystals as may separate 
as the liquor cools. In this way scale and crystals 
may be recovered, the solution cleared and its grav- 


ity and consequent viscosity reduced while the acid-. 


ity may be maintained at a practically constant value. 

A system of this general type is by far the most 
economical for handling pickle liquors. Reasonable 
care in its operation tends to eliminate losses of small 
percentages of acid which are ordinarily run to the 
sewer; to minimize the spotting of material resulting 
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from the red oxide deposits carried out of dirty solu- 
tions and which are often with difficulty rinsed oft 
in the wash tanks; and to give a mobile cleaning 
solution at all times of uniform acidity and free from 
suspended undissolved salts. 

The process necessitates no interruptions; it  pro- 
vides a continuous cycle of operations in which the 
dissolving of pickling agent, cooling, crystallizing and 
settling are permitted a sufficiently long interval in 
which to keep up with pickling, provided a fair reserve 
of solution is kept in circulation in the liquor storage. 
Solutions may be rejected and renewed without inter- 
fering with the cycle. 

The system is applicable to both hand and ma- 
chine, as well as plunger, pickling—especially to those 
processes of pickling heavy stock in which it is not 
uncommon practice to run the solution to the sewer 
“s soon as the material is cleaned without making a 
determination of spent acid and regardless of the 
waste which is entailed in such summary starting of 
the tank plugs. | 

With proper chemical supervision the crystalliza- 
tion in the settling tank may be so controlled as to 
vield, from the stronger solutions, a good technical 
grade of ferrous sulphate. 


Sodium Sulphate as an Inhibitor. 

Aside from its influence in retarding. pict:ling, 
sodium sulphate serves, as stated above, as a beneh- 
cial inhibitor. It appears to act in conjunction with 
the free acid and ferrous sulphate in such a way as t« 
restrict attack to those scaled regions of the bar cr 
plate at which the occurrence of sound metal a:id 
scale together realize the conditions of an electrolyric 
cell; the effect is a thorough disintegration of the 
oxide mass rather than the undermining of scale 
which acid alone accomplishes. 


In such a cell the solution of acid. ferrous sulphate. 
sodium sulphate, completes a local circuit between 
sound metal and the mixed scale oxides, FeO, Fe.0,, 
Fe,0,, setting up a condition similar to that which 
obtains in the systems designed for electric or electro- 
lytic pickling. Iron goes into solution to form ferrous 
sulphate; the equivalent of hydrogen liberated polar- 
izes on the sound metal, blanketing it and so making 
the area temporarily passive to the action of the acid. 

The current locally set up splits idnic sodium from 
the sodium sulphate present in the solution; the 
sodium discharging in the pores of the sound metal 
immediately lays a more permanently protecting film 
on the ferrite surface. As the layer of scale is not 
continuous, but practically invariably broken by num- 
berless fine but distinct cracks, it is not subject to the 
same protection by tonic metal discharge; it is there- 
fore, laid open to the action of the nascent hydrogen 
which, by reducing the higher oxides to ferrous oxide 
and disintegrating the mass leaves the scale in a con- 
dition of greater solubility in the free acid. It is 
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probably due to this physical and chemical condition 
that a surface which has been deformed by mechan- 
ical stresses in rolling or drawing immediately before 
pickling is much more readily cleaned than a heavily 
rusted surface or one which has been open-annealed 
but not worked. 

In consequence, theory and practice both bear out 
the assumption that the attack should be uniform over 
the entire plate and on occasion so localized that 
extra long immersion in the hot solution for the re- 
moval of the more obstinate patches of hard-burned, 
partially rolled-in scale should not result in a badly 
burned, pitted surface. 

The results of long immersion show clearly the 
relative intensities of acid and niter cake solutions. 
A strip of metal left in niter cake solution during 8 
or 10 hours will have at the end a smoother, less 
pitted surface than a similar strip left an hour in acid 
of the samé strength and under the same conditions. 
A further economy may be observed at the spelter 
pots; stock may, without material loss, be left in niter 
cake solution until the hard patches are dissolved: 
consequently wasters and redips because of insuff- 
cient pickling are infrequent. These facts alone 
strongly recommend niter cake where its use is not 
forbidden by other conditions. | 

Material so pickled has a smooth finish, supenor 
for coating, especially galvanizing. The covering of 
salt solution which it carries from the bath protects 
the surface from rapid rusting; but prior to coating. 
this film of salts must be removed by thorough rins- 
ing, else it remains in the pores of the material and 
interferes with adhesion of the metal or allov used 
for plating. | 

It is useless to attempt to coat material from which 
the film or smudge of pickle fiquor has not been 
washed. The sulphates from the bath are not zine or 
tin fluxes; they simply introduce an injurious coating 
on which the metals will not flow with adhesion. The 
same may be said particularly of a liquor filmed sur- 
face which 1s to be enameled or electro-galvanized; 
the material must be thoroughly rinsed before coat- 
ing, else troublesome defects will cause rejections at 
every subsequent stage of finishing. This situation 
may follow from acid cleaning, however, as truly as 
it may from the use of niter cake solutions. 


Materials Used in Conjunction With Niter Cake 
and Acid. 

The pickling solution of niter cake and acid may 
be still further modified by the addition of other sub- 
stances in small quantities to produce specific effects. 
Thus, a fraction of a per cent of an organic body, such 
as spent tan bark, quebracho fiber, waste sulphite 
liquor from the extraction of pulp-wood chips, or of 
one of thé various non-fume or no-gas compounds on 
the market, serves to blanket such acid fumes as may 
be carried out by the steam, and at the same time 
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assists in removing oil or grease deposits from the 
metal. Again, calcium fluoride helps to slough off 
particles of furnace bottom which sulphuric acid only 
with difficulty effects. Finally, sodium chloride added 
to the cleaning solution accelerates attack on alloy 
scales, particularly those containing nickel and tung- 
sten; while nitrate of soda is apparently wi wat 
beneficial action; the presence of free niuric acid 
causes pitting of low carbon steels, notably in the 
case of metal for wire and tubes. 

In connection with the pickling of material to be 
coated, especially sheet for tinning and galvanizing, 


-arsenic and antimony, whether occurring in the acid 


or in niter cake, are exceedingly troublesome impuri- 
ties. As soon as the acid begins to act on the iron or 
steel, the hydrogen liberated reduces the arsenic and 
antimony from their compounds, depositing the black 
elements on the surface of the sheet. It is practically 
impossible economically to remove these elements in 
after treatment; the result is a sheet or plate showing 
uncovered patches or pinholes to which the tin or 
zinc has not adhered. Furthermore, 105-110 Ibs. of 
arsenic-bearing chamber acid are required to effect 
the cleaning of a total surface which ordinarily de- 
mands 100 Ibs. of arsenic-free contact acid. 


Shipping and Storage. 

The handling of niter cake introduces problems of 
shipment, transportation and unloading, storage. 
which have not been adequately met. The cake is 
placed on the market as a roughly broken deliquescent 
solid which absorbs atmospheric moisture nearly as 
rapidly as does strong acid. Consequently it must be 
transported and stored in compartments designed to 
prevent exposure and weathering. Water readily 
leaches out the acid, reducing the effective acidity of 
the exposed cake and destroying iron or steel parts 
and fittings with which it comes into contact. 

The cake is commonly shipped in ordinary unpro- 
tected wooden box cars which in this service are nec- 
essarily short lived. The strong fumes from some 
varieties of cake ultimately soften the wooden linings 
in damp atmospheres; the acid rapidly corrodes bolts. 
rods and nuts; the drip through the flooring attacks 
the springs and trucks. Further, steel material 
shipped in cars which have been used for niter cake 
transportation is not infrequently so seriously at- 
tacked and rusted as to become liable to rejection at 
its destination. 

Special cars should be diverted to this service ex- 
clusively. The woodwork of the interior should be 


protected with an asphalt or mineral jelly paint, and 


all exposed iron parts covered with sheet lead. Niter 
cake storage bins should be similarly protected. 
Wooden floors are generally satisfactory, more espe 
cially where drains are provided to run off the drip 
which may result from exposure to unusually moist 
atmospheric conditions. ‘“oncrete and brick floorings 
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are unsuitable except where acid resisting brick and 
cement are used in conjunction. The cake must be 
treated in short, as regards its moisture drawing prop- 
erties and corrosive attack on ordinary materials, 
with much the same care that is accorded to strong 
acid. 

The atmosphere of gases which accumulates in the 
closed boxcar above the cake may contain nitrogen 
oxides as well as traces of chlorine and iodine. These 
gases are best removed by displacement with a jet of 


compressed air before putting men into the car for | 


unloading. 


Cost. 

In calculating the economy of niter cake pickling 
of steel over acid cleaning, a fair average charge for 
extra labor at the present rate, in handling between 
the car and pickling tanks, may be taken as $1.10 to 
$1.25 per net ton of niter cake. 


Further, the computation of the cost of niter cake 
with the necessary freight charges must take into 
account the fact that the effective acidity, or pickling 
intensity factor, of the cake is approximately 30 per 
cent of its weight. Actual experience in operation 
shows, however, that under proper control the acid of 
niter cake, modified by thé presence of sodium sul- 
phate, is from 10 to 15 per cent more effective in scale 
removal than an equivalent pure acid solution used 
under similar conditions. 


Summary and Extension. 


1. From 10 to 20 per cent economy may be 
effected in steel cleaning by (a) suitable temperature 
regulation designed to check fume loss as well as 
steam and fuel waste; (b) the use of polarizers or 
inhibitors adequate to minimize dissolving of sound 
metal and to blanket entrainment of acid in vapors 
rising from the surface of the bath; (c) methodical 
chemical and mechanical control maintained to pre- 
vent live steam losses at worn fittings and acid waste 
in splashing, leaky equipment, and in spent solutions 
rejected before the acidity has dropped to a specified 
limit of 0.3 to 0.5 per cent or less. 


2. Except in the cases of a few special processes, 
niter cake may be substituted for 50 per cent of the 
acid now used for steel pickling. In those industries 
where time is not the controlling consideration the 
substitution may after trial be made even entire. The 
maintenance of production and the lining up of co- 
ordinate operations demands with present equipment, 
however, the use of acid to accelerate the action of the 
‘niter cake solution; otherwise total substitution re- 
quires a 30-50 per cent increase of tank equipment. 

The exceptional instances in which the adoption 
of niter cake pickling tends to introduce disproportion- 
ate hardship include (a) highly polished hard steel 
wire and drill rod; (b) butt-welded tubing for enam- 
eled conduit, the interior of which must be energet- 
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ically pickled with a readily mobile, rapidly circulat- 
ing acid solution for the removal of siliceous furnace 
bottom without undue reduction of the exterior wall; 
(c) the finer grades of tin-plate; and (d) those pro- 
cesses and plants in which the spent pickle liquor is 
concentrated for copperas recovery. 

Sand-castings should be cleaned with a mixture of 
sulphuric and hydrofluoric acids. High nickel-chrome 
and tungsten-vanadium-chrome alloy rod and wire are 
best pickled in mixed hydrochloric-sulphuric acid, or 
with sulphuric acid in conjunction with common salt. 


3. The chief objection to the use of niter cake in 
the cleaning of tin plate and sheet stock appears to 
rest on a physical or mechanical problem. The cake 
is ordinarily added to the machine tanks in lumps, 
which, dissolving irregularly, lead to momentary 
irregularities of acid concentration and consequent 
burning of the sheet ; or, added as a powder or ground 
cake at the surface of the bath, it deposits on the 


sheet and causes local pitting or smudging which ap- 


pears on the finished material as pinholes or blisters. 
The preparation of clear solutions would seem to he 
the proper corrective of these faults. 


4. The shipping and handling of niter cake de- 
mands special cars and storage and an increase of 
transportation tonnage over that required for the 
equivalent acid. The increase of labor for handling 
is an essential item, though not a serious one except 
where extreme labor shortage exists. Control of 
operation at the pickle tanks requires certain altera- 
tions of process of handling which the majority of 
plants are prepared to make. 


5. The exploitation of niter cake as a commercial 
material has been only too frequently accompanied 
by enthusiastic, but extravagant assertion of its ef- 
fectiveness as cure for all the ills incident to pickling. 
Unquestionably it produces in most work a better 
metal surface than does acid alone; it reduces the fume 
nuisance; effects a saving of metal and acid; and aids 
in the utilization of a valuable technical product whose 
rejection at the point of production is a vast economic 
waste. But it can be regarded as a total substitute 
for sulphuric acid only under exceptional circum- 
stances; its action is substantially slower than com- 
mercial acid solutions, and the labor required to handle 
it is necessarily greater. Its use as a beneficial sub- 
stitute demands intelligent experiment until the con- 
ditions governing its behavior in each separate line of 
work are fully understood. 


To determine the relative values of sulphuric acid 
and niter cake, and their mutual influence when used 
in conjunction, it is desirable to form as definite a con- 
ception of the action of the pickling agent as the scant 
available data of research combined with considerable 
practical working observation seem to warrant. Much 
of the material for the above report has been secured 
from lage scale operations 
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Coke Factors Affecting Furnace Operation 


Coke Testing Machine Employed as Experiment for Determining 

Coke Hardness—Program of Coke Hardness and Furnace Opera- 

tion—Mechanical Condition of Coke Important Factor in Furnace. 
By G. D. COCHRANE. 


When I accepted the invitation to read this paper, 1 
hoped to be able to devote a considerable amount of 
time to its preparation and to the collection of infor- 
mation and experiments of a practical and scientific 
nature bearing upon the subject, but it has only been 
with great difficulty that I have managed to find time 
to write the following lines. 

It has been no easy matter to keep my remarks 
within the scope of the blast-furnace plant, as the onus 
of the manufacture of the coke is with the coke-oven 
manager, and it is to him the blast-furnace manager 
has to look for the regularity and quality of his sup- 
plies. It, therefore, is no uncommon occurrence to 
find that the chief concern of the coke-oven manager 
is to get as large a percentage of coke and by-products 
from his ovens as possible and, so long as those per- 
centages are satisfactory, to pay little attention to the 
mechanical condition of the coke made, with the result 
that the blast-furnace suffers. 

I propose laying down an axiom and saseartne it 
by a few facts that have come to my notice during the 
past few years, and when I have finished you may crit- 
icize my argument but not convince me against it. It 
is this: “The practical success of the working of a 
blast-furnace is chiefly dependent on the mechanical 
condition of the coke used.” ‘This may appear to be a 
somewhat sweeping assertion, but I will endeavor to 
warrant it, subject to the reservation that the mechan- 
ical portion of the plant is in good average working 
condition. There is no doubt that the question of the 
mechanical condition of the coke is a very controversal 
subject, but it has not received in the past anything 
like the amount of attention and investigation that its 
importance in blast-furnace practice calls for, and it is 
with the object of calling attention to this lack of in- 
formation on the subject that this paper is written. 

I have ignored the mechanical and chemical condi- 
tions of the ores and fluxes, as, when making Cleve- 
land iron, it will be agreed that there is practically no 
variation therein from one year’s end to another. 

The percentage of ash in the coke and the analysis 
of the ash are factors that are more variable, which 
affect the coke consumption per ton of pig iron and 
the quality of iron directly, but are capable of anticipa- 
tion and calculation. The coke hardness is a thing 
apart, and in my experience can be treated as such, 
although [ fully recognize that it has its chemical 
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actions and reactions to perform in the furnace, apart 
from its purely mechanical functions. 

Since I shall frequently refer to the “hardness of 
the coke,” it is necessary for me to explain the mean- 
ing of the term. 

In 1909 we installed a machine which was called the 
coke tester, and which was originated, I believe, by 
Mr. Greville Jones of the Clarence Ironworks, Middles- 
brough. As a practical experiment it was a success, 
inasmuch as we were enabled to say whether a coke 
was good, bad, or indifferent, from the hardness point 
of view, for utilization in the blast-furnace. 


The machine consists of a drum which is made to 
revolve at 18 revolutions per minute, with two angle- 
bars fixed inside to turn the coke over; there is also a 
hand-hole for insertion and extraction of the coke sam- 
ple, and an indicator to note the revolutions. 


To make a test for hardness a sample of coke is 
taken of about 56 lb. weight, consisting of lumps up to 
the size of one’s fist, and dried on hot plates for 24 
hours. Of this 28 lbs. are weighed out and placed in 
the drum, and the cover plate screwed down. The 
drum is then revolved for 1.000 revolutions at 18 revo- 
lutions per minute. The coke is next taken out and 
riddled over a !g-inch mesh, and that which remains 
on the riddle is weighed and the percentage of the 
original 28 Ibs. noted. That percentage we call the 
“hardness” of the coke. 


By this means, after a few months I had a good 
comparative record, and by closely watching and com- 
paring the furnace drivings with the coke hardness, I 
found that there was a very close connection between 
the two. I need not relate the detail which was gone 
through to eliminate every possible cause that might 
have misled us into believing the variations in the 
drivings were caused by the coke when the source of 
trouble lay elsewhere; it 1s sufficient for me to tell you 
that every care and precaution were taken, and we 
were eventually convinced that the coke, and that 
alone, was responsible for the variations in the driv- 
Ings. 

The next item to determine was at what point on 
the coke hardness scale the drivings commenced to 
fall off; this was found to lie between 74 and 74% per 
cent of hardness, and during the past eight years this 
has been proved correct on so many occasions that I 
do not hesitate to say that in connection with our own 
plant we know there will be slow driving and conse- 
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quent trouble when the hardness falls below that per- 
centage. It is therefore essential, if we require good 
steady driving, that the coke hardness should be over 
74 per cent. 

[ have not been able to trace any additional advan- 
tage with coke of a higher percentage of hardness than 
76 per cent, but on plants where a blase-pressure in 
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excess of 7 lbs. per square inch is used or available, it 
may be found that the benefits derived from a hard 
coke may accrue to a E higher percentage than I have 
mentioned. 

When the hardness falls below 74 per cent a very 
marked falling off in drivings takes place, and I find 
that the lower the percentage the worse are tlte driv- 
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ings. I have had the experience during the past twelve 
months of using a considerable quantity of coke which 
has only averaged 70.5 per cent of hardness, and I 
estimate that as a direct result the drivings of the 
blast-furnaces have fallen 20 per cent. I do not, how- 
ever, care to state definitely that percentage as due to 
mechanical troubles with the blowing plant, the blast 
has been very variable, and it is extremely difficult to 
apportion the blame correctly, but from past experi- 
ence I do not think I am far out in my estimate. 

The attached diagrams of coke hardness and driv- 
ings which I kept for a few weeks last summer are 
extremely instructive, and illustrate the immediate 
increase of drivings which follows on the charging of 
a hard coke; there is nothing of which I know that 
appeals to the eye and the brain so readily as a dia- 
gram such as this, and I place a great deal of conf- 
dence in it to support my axiom that “The practical 
success of the working of a blast-furnace is chiefly 
dependent on the mechanical condition of the coke 
used.” 


It is unfortunate that the period covered by these 
diagrams should have been one in which the blast- 
pressure was very variable, and I think I should call 
attention to the fact that the blast-line shown is only 
the average for the 24 hours, and consequently does 
not indicate those periods during the daytime when the 
pressure sometimes fell to 3 Ibs. and even less for four 
or five hours at a time. 


The drivings are corrected for the time the blast 
was off the furnace each day—that is to say, if the blast 
was off for one hour and the drivings were 30 for 23 
hours, then 30/23 = 1.3 rounds per hour, therefore 30 
plus 1.3 = 31.3 rounds for 24 hours. The hardness per- 
centages are the daily tests and represent one sample 
only per day. There were three different cokes used 
during this period, marked A, B, and C; the B coke 
has a very low percentage of ash, and although not 
hard is less friable than a coke containing a higher 
percentage of ash, owing to it not being so much split 
up by small pieces of stone, consequently it acts up 
to a point in the same manner as if it were 1 or 2 per 
cent harder. 


Another point I wish to mention js that with a 76 
per cent hardness coke, and an average ash contents 
of 12.5 per cent, the daily drivings of the furnace to 
which these diagrams refer is 48 rounds per 24 hours, 
with no allowance made for blast off, but with a pres- 
sure of 644 lbs. per square inch. 

It will be noticed that although the diagrams are 
chiefly below par, i.e. 74 per cent, immediately that 
critical degree of hardness is passed a marked im- 
provement in the drivings is immediately indcated, in 
spite of outside adverse factors appearing here and 
there. 

IT have now stated roughly the yeneral eftect on a 
blast-furnace when using hard and soft coke. When 
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the former is used increased drivings give greater 
output and, conversely, when the latter is used re- 
duced drivings mean a smaller make. 

This leads naturally to the question of coke con- 
sumption, and I will now attempt to show the advan- 
tage of hard coke in this respect. _ 

When coke is charged into a blast-furnace it im- 
mediately comes into contact with the ascending 
gases, which act upon it in a greater or lesser degree, 
dependent upon its mechanical condition and the tem- 
perature of the gases. 

Many experiments have been carried out in the 
laboratory with a view to illustrating this reaction, 
and it has always been found that the gases have far 
less effect on hard coke. 

Bell, in his book on the “Manufacture of Iron and 
Steel,” gives the following experiments, which in- 
dicate a serious loss of carbon when using soft coke: 

“Trials of coke from two different collieries—the 
one being of known inferiority to the other—for 
decomposition of CO,. 

“The specimens were exposed side by side for dif- 
ferent periods of time at a temperature of about 1,500° F. 


Percentage of Loss. 
Exposure A (better B (second 
Hours Averageoi quality) quality) ,Ratioof AtoB 
2 3 samples 1.097 2.257 100 2S 
4 3 samples 1.903 3.767 100 198 
6 2 samples 2.904 5.645 100 194 
8 1 samples 3.893 7.801 100 200 


Average 100 199 
“These trials therefore indicate that while a ton 
of coke in the case of A would in two hours lose 0.778 
cwts., the waste on B would be equal to 1.560 cwts. 
“A second series gave the following results: 


Percentage of Loss. 


E,xposure A (better B (second 
Hours Averageof quality) quality) Ratio of Ato B 

2 2 samples 0.758 2.274 100 300 

4 2 samples 1.356 3.152 100 233 

6 2 samples 2.674 5.766 100 215 

8 2 samples 3.892 7.802 100 200 


Average 100 237 

“Both sets of figures indicate that the better qual- 
ity coke continued at the end of eight hours less sus- 
ceptible to the action of hot carbonic acid than the 
other with which it was compared.” 

In another part of the-same work he says: “The 
mechanical texture, however, of the coke is perhaps 
more important in the eyes of the furnace managers 
than any trifling increase in the percentage of ash;” 
also, “In addition to the experiments already given 
specimens of coke were exposed at a bright red heat 
(1560° F. to 1580° F.) for the same time to the action 
of a current of carbonic acid. In the case of the soft 
coke 18.2 per cent of the carbon in the carbonic acid 
was reduced to the state of carbonic oxide, while in 
that of the hard coke the proportion of carbon so 
altered was only 7.3 per cent of the total quantity.” 

(Continued on page 512) 
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Principles of Open Hearth Furnace Design 


Actual Calculations and Principles Involved in the Design 
of Open Hearth Furnaces—Pressure in Furnace—Port Ends. 
Ratio of Air to Gas Passages—Flue and Valve Diagram. 


By CHAS. H. F. BAGLEY. 
PART II. 


Before proceeding to the subject of combustion and 
volumes, it is well to consider the conditions of pressure 
existing in the furnace, flues, and valves, etc., and the 
The in- 
coming gas will usually have behind it an initial pressure 


forces behind gas and air, and in the chimney. 


of 1 to 2 inches, w.g., but is reduced by the regulating 
valve to suit the requirements of the furnace; while 
behind the incoming air there is only the difference 
in density between two columns of air of atmos- 


pheric and_ regenerated respectively, 


and of height equal to that between the bottom of 
the chequer chambers and the level of the air port. The 


effective height of the chimney should be measured 
from the level of the ports, and its pull considered as 
being exerted at the face of the ports. The pressure in 
the body of the furnace must necessarily be atmos- 
pheric and apprceximately balanced; for the velocity of 
gases under thc slightest suction—or pressure—is such 
that, if not, there must be an enormous inrush of cold 
air or an equally large outburst of flame at every door 
and crevice. The incoming gas and air must therefore 
be considered as being delivered under slight pressure 
through large orifices into an open space, combustion 
taking place under constant (atmospheric) pressure, 
and the flame and waste gases traveling freely down 
the furnace until they come within the influence of the 
chimney draft near the face of the ports. Thereafter 
the waste gases are under a slight negative pressure, 
and will expand in volume accordingly; but through- 
out the differences in pressure vary so slightly (rarely 
more than 5 mm. Hg., or 0.66 per cent.) from the atmos- 
- phere that their effect on volumes is almost negligible, 
and especially so when compared with the variations 
due to differences of temperature at various points in 


the circuit. Thus all questions of areas are mainly de- 
nendent on temperatures rather than on pressures at 
different positions. The diagram (Fig. 1) clearly illus- 
trates the points. 


It should always be remembered that the amount 
of gas admitted to the furnace is, and must be, regu- 
lated at the inlet valve to suit the requirements of the 
furnace ; and the air should be regulated to suit the gas 
supply. In practice, however, the usual difficulty is to 
get sufficient air supply to consume the gas available, 


the gas being under a positive pressure. Hence the 


temperatures 


Second. installment of paper read before British Iron and 
Steel Institute. 
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prevailing custom is to open the air valve to its full 
and to regulate solely on the gas valve. Deep chequers 
are therefore necessary, not only for high initial tem- 
peratures, but also to ensure an ample supply of hot 
air to the furnace, without which full use cannot be 
made of the gas available. The chimney height should 
be increased accordingly. 


The actual pressure at different points can hardly 
be foretold under such conditions ; but it 1s often useful 
to have a pressure diagram—taken when the furnace 
is in good condition and working well—as a basis for 
comparison with conditions prevailing towards the end 
of its life. Without a standard for comparison, such 
diagrams are of little value; and the author prefers a 
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Fic. 1.—PressureE DIAGRAMS, ETC. 


Supply Conditions. 


Gas pressure in main == say, 2 in wg. 

Air pressure at valve == atmosphere. 

Draft at chimney base = say, 1% in. 
Gas Pressure— : 


In flues = supply pressure subject to valve regulation. 
At port = supply pressure, plus pressure equivalent 
of height. 
Air Pressure— | 
In flues = atmosphere subject to valve regulation. 
At ports= atmosphere plus. pressure equivalent of 
height. 
Suction— 
In flues = chimney draft, subject to damper. 
At ports = chimney draft, less pressure equivalent of 
height. 


diagram of temperatures at the corresponding positions 
—always taken, of course, at the same stage of the pro- 
cess (say just before tapping and just after reversing). 


Pressures should be taken on the incoming end: 
(1) At the valves or in the flues before entering the 
chequer chambers; (2) in the slag pockets or chequer 
chambers after regeneration; (3) at the top of up- 
takes (virtually in the ports) ; and at the correspond- 
ing positions on the outgoing end—care being taken 
to note the difference between positive and negative 
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pressures. The initial préssure in the gas main, and 
the maximum draft at the chimney base, should also 
be noted; the furnace should then be reversed and the 
readings repeated. | 

With the temperature diagrams there is no ques- 
tion of positive and negative results. The readings 
should be taken in the same positions, but care should 
be taken that the furnace conditions are the same, and 
that the furnace has been working the same length of 
time on each end.. The relative volume of air, gas, and 
waste products passing at any point is mainly affected 
by their temperature variations (which are consider- 
able), rather than by their pressure variations (which 
are comparatively small), and their velocities are pro- 
portional to the volume passing divided by the sec- 
tional area at that point, subject, of course, to fric- 


Fig. 2—A—Three-part design with air cooling. 


tional losses. Given their initial volumes and tem- 
peratures, and the subsequent temperatures at differ- 
ent positions, it is possible to calculate the areas so 
that the velocities will be approximately constant 
throughout. The volumes entering are, however, sub- 
ject to control at the inlet valves, and the volumes de- 
livered into the combustion chamber are.limited by the 
area of the discharging orifices (or ports). Between 
these two points, sectional areas may be anything de- 
sired, provided not less than the ports, and may there- 
fore be determined by other considerations. So also 
as regards the outgoing end—the flow of waste gases 
is subject to control by damper in the chimney flues. 
and to the inlet area at the ports; and the sectional 
area at any point between may be anything desired, 
provided not so small as to check the even flow be- 
behind the valves, to the volumes of waste gases it is 
tween these two points. The gas and air port areas 
(and chimney flue areas) must be taken together as 
regards the total volume of waste gases to be passed; 
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but the question of proportions to be taken by each 
will be determined by other considerations. It may be 
noted here that when these proportions are desired, 
they can be permanently and automatically secured— 
without the aid of dampers on every chimney flue 
(which would be extremely difficult to regulate ac- 
curately)—by simply proportioning the chimney flues, 
desired to draw through gas and air chambers respec- 
tively. The author has always considered this one 
of the most important and least considered points in 
the whole design. The usual practice is to “make them 
big enough,” regardless of relative volumes or other 
reason—with various results in the chequer-work and 
on the initial temperatures of gas and air—all result- 
ing in loss of flame temperature and efficiency of fur- 
nace. 
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Fig 2—B—Overhead air port design with air cooling. 


Port Ends—The respective merits of different 
types of port ends are much disputed questions, par- 
ticularly as between the two standard types, (1) the 
solid block with two air ports (Fig. 2a), and (2) the 
open block with a single overhead air port (Fig. 2b) ; 
and it. seems to remain purely a matter of opinion and 
of correct detail, to the absence of which so many fail- 
ures are attributable. Type 2 is generally regarded as 
the keener and faster working design, and allows a 
short length of combustion space before the hearth 
proper is reached, and, of course, removes the block 
so much farther back on the outgoing end, thus reduc- 
ing the chance of “burning” it. On the other hand. it 
is the weaker structure and requires more careful de- 
signing or the gas port is liable to lose its shape and 
throw the live gas on to the linings. Its natural ten- 
dency is to spread the fame and keep it down (whereas 
the opposite is the case with the three-port type). and 
a wider furnace is desirable for this type. The three- 
port type, though slower-working and allowing no 
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preliminary combustion space, 1s said to stand up bet- 
ter, though it has to stand the direct heat of the out- 
going gases, and is liable to get “burnt” unless the gas 
supply is closely regulated. No great care is needed 
in design or building; there is less chance of burning 
the side walls (though more of the roof), and there 
is no brickwork subject to heat on both sides without 
cooling surface, as in the case of the arch between gas 
and air ports in Type 2. On the whole, there seems 
little to choose, though personally the author prefers 
the keener furnace. These remarks apply equally to 
tilting furnaces, but the necessity of movable port ends 
rather complicates the matter. In Type 2 the joint 
between furnace and port ends is made at the face of 
the block, the furnace end being open, and the ports 
built in a single solid block outside—which, of course, 
is a great weight. In the three-port type the joints are 
made in the ports themselves, the block face remain- 
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Fig. 3—Flue and Valve diagram. 


ing in the furnace proper. By this arrangement it 1s 
possible to build the movable ports in three separate 
sections, none of them very heavy, so that they can 
be lifted and taken away by the overhead crane and a 
spare put back in their place. The repairs can then be 
done later when cold, and the week-end repairs are 
very much reduced. 

By careful design it might be possible to build a 
block of Type 2 in a single piece so light that it could 
be handled and changed by the overhead crane as the 
individual ports of Type 1 are—which would greatly 
simplify matters and yield the advantages of both. 
One of the advantages of a tilting furnace is the fa- 
cility of getting at the ports for repairs at the week- 
end. 

Ratio of Air to Gas Passages.—So far as supply to 
the furnace is concerned, and subject to regulation by 
the valves, the intake areas, flues, etc., may be in the 
ratio of 168/208, or 0.80 air to 1.00 of gas, and the 
chequer chambers, uptakes, and ports, in the ratio of 
887/555, or 1.60 air to 1.00 of gas. It is, however, more 
important to arrange for the proper distribution of 
heat between the chequer chambers in such proportion 
as to maintain an equal temperature on both gas and 
air when the furnace is reversed. This is dependent 
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on the amount of heat to be imparted to gas and air 
respectively—which thus takes account of their initial 
temperatures and relative weights—neglecting dif- 
ferences in specific heats. These weights were found 
to be 116.7 kg. of gas to 205 kg. of air, entering at 
initial temperatures of 300 deg. and 15 deg. C. respect- 
ively; and both are to be raised to 1,250 deg. C. by 
the regenerators. The heat units absorbed in so doing 
will therefore be in the ratio of 205 (1,250—15)= 
254,000 by air, to 116.7 (1,250—300) =110,800 by gas, 
i.e., in the ratio of 2.30 by air to 1.00 by gas, and the 
volumes of waste gases passed through air and gas 
chambers respectively should be in the like ratio— 
2.30 to 1.00. | 


To effect this distribution with the same chimney 
draft in the flues and at the face of either port, the 
areas of air tq gas passages, ports, and flues must be 
in the same proportion (see Fig. 3), which differs con- 
siderably from that required for the incoming gas and 
air. There are thus two conflicting conditions as re- 
gards ratio of port and flue areas, of which the proper 
distribution of the waste heat is more important; for 
the incoming volumes can be controlled at the valves. 
Areas should be fixed accordingly, and the proportion 
maintained throughout to ensure the even flow of 
waste gases throughout. The author considers it im- 
portant to aim at an even flow of gases, and to avoid 
abrupt changes of velocity as far as possible. It was 
previously pointed out that, sectional areas between 
ports and flues may’ be anything desired; but the only 
place where he considers it desirable to alter this pro- 
portion is in the width of the chequer chambers, by 
manipulation of the chequerwork, where the ratio may 
be halved to advantage as regards the general design 
of the furnace, without affecting the balance in any 
other way. Variations from the data and assump- 
tions, gas analysis, excess of air, moisture, tempera- 
tures, and pressures, etc., will affect this ratio to some 
extent, but it will usually remain between 2.00 and 
2.50 to 1.00. | 


N. B.—The gases arising from the oxidation of car- 
bon in the charge have not been taken into account, 
as they will rarely exceed 1 per cent of the total vol- 
ume of waste gases passing out at, say, 1,500 deg. C. 
The effect of poor gas is to decrease the ratio of air to 
gas passages, that of richer gas or excess air, to increase 
it. : _ 

In designing an actual furnace there are two leading 
dimensions required as a basis, viz.: gas-port area and 
hearth area per ton of steel capacity, from which the 
rest may then be calculated. These data are best taken 
from practical experience with successful furnaces, but 
with due regard to other working conditions ; for practice 
and circumstances are very variable in both respects. 

In the next installment of this article heat area, gas 
port area, uptake, slag pockets and bridge arches, checker 
chambers and chimney flues will be discussed. 
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Physical Reconstruction of Crippled Men 


Plan of United States Government for the Rehabilitation and 

Vocational Training of Crippled Men Aided by Red Cross—Schools 

Established Giving Courses in Oxyacetylene Welding, Etc. 
By CONSTANCE DREXEL. 


“I don’t mind dying for my country,” is the thought 
in many of our brave boys’ minds—“but, oh, kill me 
rather than leave me disabled the rest of my life,” 
they inwardly plead. 


Small wonder, for they remember the cripples of 


old peddling pencils or shoestrings down the strect,. 


or even worse objects of charity and pity. They 
know of the thousands of men disabled in industry 
every year protected by a compensation act, perhaps, 
yes, but thrown out on a cold, unfeeling world to live 
a life of uselessness the rest of their days. 


But times haye changed. No need for our boys to 
worry, or their families to wonder who will care for 
them in case they come back from war with loss of 
arm or limb or worse. 


Uncle Sam has stepped in. In fact, the problem is 
occupying a great deal of attention at the office of the 
surgeon-general of the Army, supplemented by all 
the Red Cross can do to help. The Red Cross is pay- 
ing for the publication of “Carry On,” that able maga- 
zine the surgeon-general’s office is getting out on this 
very subject. It is free to those interested. “Carry 
On”. 1s its message, “let there be no more cripples 
after this war.” The Red Cross is also issuing pamph- 
lets of information free, in the effort to popularize this 
new attitude toward cripples, that we are not going 


to have any more cripples in America either from the 


war or from injuries received in industry. 


To'prove that this can be done, the Red Cross 
maintains in New York at 311 Fourth avenue, the Red 
Cross Institute for Crippled and Disabled Men, the 
head of which is Dr. Douglas C. McMurtrie, a pioneer 
of this new attitude of society’s duty toward a dis- 
abled man. At the school six model courses are given 
to refit crippled men for their old or new trades. The 
six courses decided upon are: Manufacture of artifi- 
cial limbs; oxyacetylene welding; mechanical draft- 
ing, printing, motion picture operating and jewelry 
work. 


Briefly, the plan of the United States government 
for the rehabilitation and vocational training of men 
crippled through this war is this: [ven in our hos- 
pitals in France, convalescent men are shown moving 
pictures of successful cripples ; Thomas Edison, nearly 
stone deaf, for instance; Michael Downing of Minne- 
sota with both legs, one arm and one hand gone, 


Google 


president of a state bank, running his own motor car 
and a lucrative law practice to boot, married and rais- 
ing a happy family. 

But’ the work really begins in this country. Upon 
arrival in the great military hospitals under the med- 
ical branch of the army, even while still in bed, the 
process of refitting them to normal life and responsi- 
bilities begins. I saw wounded from overseas at Wal- 
ter Reed Hospital, in Washington, being taught by 
reconstruction aids in occupational therapy. Some 
were busy with basketry or weaving, but others were 
doing head work. I remember one man in bed, one 
leg off, studying shorthand. When the men become 
able, they are sent from the wards to the finely 
equipped new buildings known as the curative work- 
shops. Here are classes in motor mechanics, very 
popular, use of the left arm and hand instead of the 
right, classes in English and French, in shorthand 
and typewriting for cases of amputation of legs, teleg- 
raphy, rug weaving, artificial limb making, carpentry, 
agriculture and farming. Of course, the aim of these 
classes is to cure the men physically as soon as pos- 
sible, but even here their vocational training to fit 
them for their future place in the community may 
begin. The men who have lost arm or leg, or have 
been otherwise disabled, are talked to by experts who 
try to guide them to refitting themselves for useful- 
ness. | 

And after the medical authorities can do no more 
for the crippled man, after they have done all they 
could to make him as near whole again, including the 
providing of artificial arms or limbs, even then the 
United States government does not pretend to end its 
responsibility. Congress has created the Federal 
board for vocational education. Theirs is the official 
responsibility for the re-education of soldiers and sail- 
ors of the American forces disabled by the war. A 
fully definite program has not yet been developed, but 
the Red Cross Institute for Crippled Men already men- 
tioned has demonstrated how the thing can be worked 
out. Crippled men have been taken off the streets. 
trained in one of the six trades taught there and placed 
in lucrative positions where their ihfirmities are no 
handicap. 

As for soldiers to be refitted to civilian life, a for- 
mer brakeman on a railroad has lost an arm. © He 
can’t be a brakeman any longer, but his railroad 
knowledge can be of use to him. He is trained to he- 
come an expert telegrapher or train dispatcher. What 
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difference in his productive ability to a soldier fitted 
with one or two artifscial limbs if he sits at a linotype 
machine all day? If he has been formerly employed 
at a standing job in a printing or newspaper plant 
that experience can be turned into good account. The 
point is here, that a disabled man need not necessarily 
be trained to an entirely new trade. His former ex- 
perience should be made:to count. 

However, details of the re-educational and voca- 
tional program are not nearly so important to the 
working man, be he in the army or in industry (for in 
either case he is liable to be hurt), is the attitude army 
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the pension will be granted regardless of a man’s earn- 
ing capacity that he develops in spite of his infirmity. 
If he does what the government and the Red Cross 
want him to do—refit himself to a job—he will have 
the pension just the same. This proves that the work- 
ing man is going to be very important. We shall need 
all that every man can produce; the more they pro- 
duce, the cheaper will living expenses become. There- 
fore, no idlers, no more cripples. | | 

As the Red Cross is heart and soul back of this 
idea, it would seem that for his own good in industry 
the working man should at least become a member of 
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Crippled French soldiers being trained to take a place in industrial life. 


authorities, supported by the Red Cross, have assumed 
toward crippled men. 

No longer will the responsibility of army or gov- 
ernment or industry cease by merely pensioning a 
man. He must, and will, be refitted to retake perhaps 
even a better place in the community than he had 
occupied before his injury. For are not brains worth 
more than hands or feet or even eyes? And should 
not a physical handicap, if properly encountered, be 
used to develop the brain to greater action? 

Here, however, it must be pointed out, that Uncle 
Sam intends pensioning generously all disabled sol- 
diers or sailors $100 a month, or $1,200 a year, for life 
in many cases. But, and this is an all-important fact, 


viatizes by (GOORTE 


the Red Cross. Anyhow, he’d be most welcome. 
There'll be a roll call of the nation at Christmas time, 
when it is hoped all will answer “Here!” The mem- 
bership cost is only $1 a year. 

Thus far the attitude of organized labor toward the 
cripple has been most admirable, and it is safe to as- 
sume no friction will ever arise in labor unions or among 
workmen by reason of the induction of this new class into 
the ranks of labor. Labor has already spoken on the 
subject and what it has said is to its credit. Every re- 
educated cripple, able to produce, is not only made happy 
by earning his own living, but is adding to the sum total 
of the nation’s productivity. The work of training the 
crippled soldier is, therefore, of great importance. 
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RECONSTRUCTION OF FRENCH IRON AND STEEL 
INDUSTRY. 


Under the name of “Société Corporative des Mines der fer 
et de la Sidérurgie des régions sinistrées” a company has re- 
cently been formed in France for the purpose of conducting com- 
mercial or industrial operations useful in bringing about the 
reconstitution and reorganization. of the iron mines and. steel 
works of the invaded regions. 

The company -is affiliated with the Comptoir Central d’achats 
industri¢ls pour les régions envahies, and has its offites with that 
organization at 40 rue du Colisée, Paris. The new company is 
practicalJy a technica! commission of the Comptoir ‘Central. Fot 


convenience, however, a separate share company has been or- 


ganized. Its capital stock of 1,000,000 francs, divided into 2,000 
shares of 500 francs each, is held by iron mining and steel com- 
panies owning properties in the invaded regions of France. 

The society is administered by a Conseil d’Administration 
(corresponding to the board of directors of an American cor- 
poration) composed of not less than 10 and not more than 25 
members elected by the shareholders. 

The new company is making estimates of the raw material 
and equipment that will be needed to restore the damaged iron 
mines and-“steel works in the northern and eastern part of 
France. Its‘ rtethod is to gather the best information available 
» regarding the extent to which iron mines, blast furnaces and 
steel works have been destroyed, and on the basis of this data 
prepare purchase programs covering the materials needed for 
replacement. . 

These programs, when approved by the directors of the 
Société Corporative des mines de fer et de la Sidérurgie, are 
turned over to the Comptoir Central d’achats for execution. 

It will not be possible to gain an accurate idea of the quantity 
or the value of raw materials and equipment needed to restore 
the iron and steel industry of the invaded regions until the Ger- 
ans have completely evacuated the Lorraine sector. 

In 1913 France produced 21,714,000 tons of iron ore, of 
which 19,800,000 tons (or 90 per cent) came from the one de- 
partment of Meurthe et Moselle, in which the iron basins of 
Nancy, Longwy, and Briey are located. The last two regions, 
which furnished the great bulk of France’s iron ore, have been 
in the occupation of the enemy since the beginning of the war. 


Of the 5,300,000 tons of pig iron produced in French blast 
furnaces the year before the war broke out 86 per cent came out 
of the blast furnaces of the north and east. 


Much of the special equipment needed in the restoration of 
the French iron mines, blast furnaces, and steel works will have 
to be furnished by the United States. 


FUEL ECONOMY IN THE ANNEALING FURNACE. 


The advances and technical developments which have been 
made in England during the war are of considerable significance. 
The following from the Jron and Coal Trades Review contains 
some points of interest regarding heat furnaces. 

“During the past few years there is perhaps no form of 
apparatus in which such revolutionary changes have been made 
as in the design of heat-treatment furnaces. On the whole, it is 
in the gas-fired furnace that the greatest change has taken place. 
Indeed, the modern gas-fired furnace has few if any features 
in common with its prototype of pre-war days. Its construction 
has been simplified and its operation brought within the capacity 
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of the semi-skilled laborer. Its economy and efficiency have 
little to be desired, while the maintenance costs have been re- 
duced to the narrowest possible limits. 


“With hard-fuel furnaces the changes have not been so 
drastic, perhaps because there was not so much room for change 
and improvement of a radical nature, as the design of this fur- 
nace has been evolved over a long period of years. The modif- 
cations which have been recently effected have therefore for the 
most part resulted in an indirect rather than a direct economy, 
by simplifying the operation, reducing the time required to ob- 


‘tain the desired temperature, insuring a more uniform temper- 


ature throughout the chamber; and by a more robust form of con- 
struction considerably extending thé useful life of the furnace. 


“While the gas-fired furnace has been very widely adopted, 


‘it has not and probably never will wholly displace the hard-fuel 


furnace, which for many forms of heat-treatment is still pre- 
ferred. 


“On a recent visit to a South Wales works our representative 
had an opportunity of inspecting a battery of eight coal-fired 
furnaces with chambers 12 by 5 feet, which are in service for 
heating awd annealing metal blanks during the various pre- 
cesses of manufacture. It is claimed that these furnaces give 
better and more economical results than was possible with gas- 
fired furnaces, and the assertion was also made that the heat 
with the coal-fired furnace is more soaking. 


“The furnaces were built by Messrs. Curran Brothers, Hur- 
man street, Cardiff, Wales. This type of furnace has already 
been described; the installation in question, however, 
embodies an important modification. The products of com- 


_bustion, instead of passing direct from the furnace chamber to 


the waste flue, are led over the furnace chamber down vertical 
passages at the back end, and thence through longitudinal cham- 
bers beneath the furnace floor to the front of the furnace through 
similar chambers to the back, and again through a third series 
of chambers to the waste-heat flue which is placed at the front of 
the furnace chamber. Practically the whole of the sensible heat 
is absorbed in the first series of chambers, and is thus given up 
to the furnace floor by radiation; the little heat remaining in 
the gases passing into the third series of chambers is absorbed 
by the walls of the first series. 


“The fuel consumption, for a temperature of 750 degrees, is 
approximately 1,100 pounds per 24 hours. It is, however, more 
usefully interesting to consider efficiency and economy over a 
reasonable period under ordinary every-day conditions, which 
in the case under notice we are able to do. Thus 2,540 heats 
were taken out of the furnaces with an expenditure of 202,400 
pounds of coal. The coal consumption includes banking down 
for 24 hours at the week ends and picking up. The weight 
of metal per heat ranged from 2,500 to 3,000 pounds, and the 
pans from 1,800 pounds to 1 ton.” 


MICA SCHIST FOR FURNACE LINING. 


The mica, to which the softness of mica schist is due, suc- 
cessfully withstands a very high temperature, and as the stone 
can be readily cut into blocks of the desired shape, mitea schist 
has been used considerably as furnace lining. According to the 
United States Geological Survey, the quantity of mica schist 
produced in the United States for this purpose in 1917 was 39,975 
short tons (of 2,000 pounds), an increase of 6,739 tons over 1916. 
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RECONSTRUCTION OF FRENCH IRON AND STEEL 
INDUSTRY. 


Under the name of “Société Corporative des Mines der fer 
et de la Sidérurgie des régions sinistrées” a company has re- 
cently been formed in France for the purpose of conducting com- 
mercial or industrial operations useful in bringing about the 
reconstitution and reorganization. of the iron mines and steel 
works of the invaded regions. 

The gompany -is affiliated with the Comptoir Central d’achats 
industrigls pour les régions envahies, and has its offices with that 
organization at 40 rue du Colisée, Paris. The new company is 
practicalfy a technica! commission of the Comptoir ‘Central. Fot 
convenience, however, a separate share company has been or- 
ganized. Its capital stock of 1,000,000 francs, divided into 2,000 
shares of 500 francs each, is held by iron mining and steel com- 
panies owning properties in the invaded regions of France. 

The society is administered by a Conseil d’Administration 


(corresponding to the board of directors of an American cor-. 


poration) composed of not less than 10 and not more than 25 
members elected by the shareholders. 

The new company is making estimates of the raw material 
and equipment that will be needed to restore the damaged iron 
mines and-“steel works in the northern and eastern part of 
France. Its’ method is to gather the best information available 
regarding the extent to which iron mines, blast furnaces and 
steel works have been destroyed, and on the basis of this data 
prepare purchase programs covering the materials needed for 
replacement. . “2 

These progranis, when approved by the directors of the 
Société Corporative des mines de fer et de la Sidérurgie, are 
turned over to the Comptoir Central d’achats for execution. 

It will not be possible to gain an accurate idea of the quantity 
or the value of raw materials and equipment needed to restore 
the iron and steel industry of the invaded regions until the Ger- 
mans have completely evacuated the Lorraine sector. 

In 1913 France produced 21,714,000 tons of iron ore, of 
which 19,800,000 tons (or 90 per cent) came from the one de- 
partment of Meurthe et Moselle, in which the iron basins of 
Nancy, Longwy, and Briey are located. The last two regions. 
which furnished the great bulk of France's iron ore, have been 
in the occupation of the enemy since the beginning of the war. 


Of the 5,300,000 tons of pig iron produced in French blast 
furnaces the year betore the war broke out 86 per cent came out 
of the blast furnaces of the north and east. 


Much of the special equipment needed in the restoration of 
the French iron mines, blast furnaces, and steel works will have 
to be furnished by the United States. 


FUEL ECONOMY IN THE ANNEALING FURNACE. 


The advances and technical developments which have been 
made in England during the war are of considerable significance. 
The following from the /ron and Coal Trades Review contains 
some points of interest regarding heat furnaces. 

“During the past few years there is perhaps no form of 
apparatus in which such revolutionary changes have been made 
as in the design of heat-treatment furnaces. On the whole, it is 
in the gas-fired furnace that the greatest change has taken place. 
Indeed, the modern gas-fired furnace has few if any features 
in common with its prototype of pre-war days. Its construction 
has been simplified and its operation brought within the capacity 
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of the semi-skilled laborer. Its economy and efficiency have 
little to be desired, while the maintenance costs have been re- 
duced to the narrowest possible limits. 


“With hard-fuel furnaces the changes have not been so 
drastic, perhaps because there was not so much room for change 
and improvement of a radical nature, as the design of this fur- 
nace has been evolved over a long period of years. The modifi- 
cations which have been recently effected have therefore for the 
most part resulted in an indirect rather than a direct economy, 
by simplifying the operation, reducing the time required to ob- 


“tain the desired temperature, insuring a more uniform temper- 
_ ature throughout the chamber, and by a more robust form of con- 
. * struction considerably extending the useful life of the furnace. 


“While the gas-fired furnace has been very widely adopted, 


‘it has not and probably never will wholly displace the hard-fuel 


furnace, which for many forms of heat-treatment is still pre- 
ferred. 


“On a recent visit to a South Wales works our representative 
had an opportunity of inspecting a battery of eight coal-fired 
furnaces with chambers 12 by 5 feet, which are in service for 
heating and annealing metal blanks during the various pre- 
cesses of manufacture. It is claimed that these furnaces give 
better and more economical results than was possible with gas- 
fired furnaces, and the assertion was also made that the heat 
with the coal-fired furnace is more soaking. 


“The furnaces were built by Messrs. Curran Brothers, Hur- 
man street, Cardiff, Wales. This type of furnace has already 
been described; the _ installation in question, however. 
embodies an important modification. The products of com- 
bustion, instead of passing direct from the furnace chamber to 
the waste flue, are led over the furnace chamber down vertical 
passages at the back end, and thence through longitudinal cham- 
bers beneath the furnace floor to the front of the furnace through 
similar chambers to the back, and again through a third series 
of chambers to the waste-heat flue which is placed at the front of 
the furnace chamber. Practically the whole of the sensible heat 
is absorbed in the first series of chambers, and is thus given up 
to the furnace floor by radiation; the little heat remaining in 
the gases passing into the third series of chambers is absorbed 
by the walls of the first series. 


“The fuel consumption, for a temperature of 750 degrees. is 
approximately 1,100 pounds per 24 hours. It is, however, more 
usefully interesting to consider efficiency and economy over a 
reasonable period under ordinary every-day conditions, which 
in the case under notice we are able to do. Thus 2,540 heats 
were taken out of the furnaces with an expenditure of 202,400 
pounds of coal. The coal consumption includes banking down 
for 24 hours at the week ends and picking up. The weight 
of metal per heat ranged from 2,500 to 3,000 pounds, and the 
pans from 1,800 pounds to 1 ton.” 


MICA SCHIST FOR FURNACE LINING. 


The mica, to which the softness of mica schist is due, suc- 
cessfully withstands a very high temperature, and as the stone 
can be readily cut into blocks of the desired shape, mica schise 
has been used considerably as furnace lining. According to the 
United States Geological Survey, the quantity of mica schist 
produced in the United States for this purpose in 1917 was 39,975 
short tons (of 2,000 pounds), an increase of 6,739 tons over 1916. 
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The Milliken Brothers Mfg. Company, Inc., Woolworth 
Building, New York, has purchased the plant of the James 
H. Young Stone Company, One Hundred and Thirty-sixth 
street and East River, New York, for its proposed new 
steel works. The present building consists of a one-story 
structure, about 101x350 feet, providing over 35,000 square 
feet of manufacturing area. It is proposed to equip the new 
plant as a complete steel fabricating works for the produc- 
tion of steel transmission towers, radio towers and poles, as 
well as the standardized truss unit system of building con- 
struction.which is formed of a simple common unit of struc- 
tural shapes. Attention will also be given to plain and gal- 
vanized steel shapes, angles, etc. The plant is provided with 
an overhead electric traveling crane, as well as other modern 
handling equipment. An adjoining site of land has been 
secured, making a total of about two acres of property with 
water and rail facilities. On this latter ground, it is planned 
to build a modern galvanizing plant for the handling of 
structural shapes used for the construction of transmission 
and radio towers. Plans for this new building are now be- 
ing considered, and estimates made of equipment to be in- 
stalled in the new steel fabricating works. C. T. Clack is 
president, and J. E. Jennings, vice president and secretary. 

Plans are being considered by the Algoma Steel Com- 
pany, Sault Ste. Marie, Ontario, Canada, for extensions and 
improvements in its works to cost about $800,000. It is un- 
derstood that an appropriation of this amount has been ap- 
proved in connection with the general plans for expansion. 
A large portion of the fund will be used for the erection 
of a new battery of coke ovens, with auxiliary equipment, 
and a number of new gondola cars for ore mine operation 
will be purchased. J. Frank Taylor is chairman of the board 
of directors and president of the company. 

The plant represents an investment of over $1,000,000. It 
is understood that this plan for plant conversion will include 
the operation of the works under the name of the Bethle- 
hem Steel Corporation. 

S. F. Novotny, president of the Manganese Mining & 
Development Corporation, Mena, Ark., is said to be organiz- 
ing a new company for the construction and operation of a 
local blast furnace. J. B. Brimm is interested in the new 
organization. 


Revised plans, it is understood, are being considered by 
the Ordnance Department, Washington, D. C., for the new 
government ordnance works to be located on Neville Island, 
Pittsburgh. The works will be equipped to manufacture 
guns up to 18-inch caliber, as well as ammunition. The 
original estimate of cost for the works aggregated $40,000,000, 
and extension plans call for an expenditure of $60,000,000 
additional, or a total of approximately $100,000,000. 


The United States Steel Corporation, 71 Broadway, New 
York, is considering plans for extensions to its Duluth, 
Minn., works, to cost about $15,000,000. It is proposed to 
build a new tin plate mill, a sheet mill, nail and wire mills 
and other structures, the work to be inaugurated closely fol- 
lowing the declaration of peace. Production at the new 
plant will be used primarily for Western and Canadian mar- 
kets. It is said that the new works will provide employ- 
ment for about 1,600 men. | 

The new shell manufacturing plant of the Laclede Gas 
Light Company, St. Louis, Mo., to be located at Manchester, 
a few miles distant, will conssit of a main building, about 
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200x1,1C0 feet, with a number of auxihary shop buildings. 
The structures will be permanent, built of brick and. steel. 
This plant, erected in cooperation with the government, will 
specialize in the production of 240 mm. shells, and is. esti- 
mated to cost about $1,€C0,CC0. 

The National Steel Producing Company, Bessemer, Ala. 
is making rapid progress in the erection of its new steel plant, 
and it is planned to place the works in operation carly in the 
coming year. Construction has been commenced on the 
foundry, furnaces, and other structures, and plans have now 
been completed for the erection of a number of subsidiary 
buildings to compose the complete plant. The company has 
a capital of $166,000, oR. FF. Bohanon ts vice president and 
general manager. 

The Anaconda Copper Mining Company, New York, has 
completed the construction of its new ferro-manganese plant 
at Great Falls, Montana, consisting of five furnaces. It 1s 
proposed to inaugurate operations for complete production 
at once. The new plant will have a capecity of 90 tons a 
day. Each furnace is 22x10x8 feet, inside dimensions, requir- 
ing about 4,000 horse power electric energy to operate. A 
furnace charge will comprise SCO pounds of manganese ore, 
20 pounds of iron ore, 70 pounds of limestone, and 170 
pounds of coal. The manganese ore will be secured from 
the company's property at Butte. The new plant will give 
employment to close to 90 men. E. S. Bardwell is in charge. 

The Bethlehem Steel Corporation, [ethlehem, Va., has 
commenced the erection of a new 60-inch universal plate 
mill at its Sparrows Point, Md., works. The new plant will 
“be about 200x1,070 feet, and is estimated to cost close to 
$1,000,000. Irwin & Leighton, North Twelfth street, Philadel- 
phia, have the contract for erection. The company has 
blown in its new furnace A at the Steelton, Pa., plant, which 
has been in course of construction for some time past. The 
furnace is of the new improved self-feeding model, requiring 
considerably Jess labor to operate than the old-style furnace. 
It is the third such furnace to be installed at the plant. It 
is reported that the Bethlehem Loading Company, a subsi- 
diary of the Bethlehem Steel Corporation, with shell-loading 
plant at Belcoville, N. J., is planning to convert the existing 
works into a steel plant following the close of the demand 
for steel shells. 


Arrangements have been completed by the Domestic Coke 
Company, Fairmont, W. Va., for the construction of a new 
coke works to cost about $3.0C0,C00. The plant will be built 
in cooperation with the Ordnance Department of the govern- 
ment, and it is understood that the company will acquire full 
ownership at the close of the war. Contract has been let to 
the Koppers company, Pittsburgh, for the construction of a 
new battery of 60 coke ovens, with auxihary by-product 
equipment to provide for the production of 1314 tons of 
ammonia sulphite and 450 gallons of toluol daily. Krank H. 
Ginn, Pittsburgh, is president of the company. 


ANNOUNCEMENT. 


On and after January 1, 1919, the Sanford-Riley Stoker Com- 
pany and Murphy Tron Works, will combine their sales policies 
so as to render the greatest possible service to all customers. 
Offices will be located at Worcester, Boston, New York, Phila- 
delphia, Pittsburgh, Buffalo, Cleveland, Dtroit, Cincinnati, Chi- 
cago and St. Paul. 
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COKE FACTORS AFFECTING FURNACE OPERATION. 


(Continued from page 502) 


It is therefore quite evident from Bell’s writings that he was 
fully aware of evil effects of soft coke in the blast furnace, and 
gives that opinion great weight by the experiments just quoted. 

Chas. Cochrane also refers to the importance of retaining 
as much as possible of the carbon in the waste gases in the 
form of carbonic acid, but does not directly mention -it in con- 
nection with soft coke. He says: 


“It will be seen how important it is, with regard to economy 
of fuel in a blast furnace, that we should insure the combustion 
of every unit o fcarbon, if possible, into the more highly oxidized 
gas called carbonic acid; and furthermore, when once burnt into 
carbonic acid, that we should never allow it to pass again into 
the condition of carbonic oxide, if such a step be preventable.” 


Again a soft coke is usually very friable, and unless the 
ovens are situated close to the blast-furnace, so that the 
minimum of handling is thereby assured, it usually reaches 
the furnaces in a much smaller form than is the case with 
hard coke, consequently a greater area is exposed to the 
action of the gases as soon as it is charged into the furnace. 
(I am, of course, referring to furnaces with comparatively 
small makes, as when a furnace is making 700 tons a day, 
as many are in the United States, a smaller coke is neces- 
sary, but it must still be hard.) Having therefore com- 
menced its passage through the furnace in a small state, I 
think it is allowable to imagine it becoming very finely 
divided before reaching the melting zone, and in support 
of this theory I should like to tell you of my experience at 
the Ormesby furnaces. : 


Trouble had been experienced at one of the coke-oven 
plants from which our coke supplies came, and the coke 
that was being charged into the furnace was soft and friable, 
and altogether what I should term very bad indeed. The 
furnaces struggled along for a few days, gradually driving 
slower and slower, until the coke commenced to improve; 
but, owing to the poor coke, the drivings of one of the fur- 
naces had become so slow that we feared she was com- 
mencing to hang, as we could not get the slag to run, so, 
taking out the front tuyeres, we blew forward for a while 
to try and clear the forepart. This solved our troubles, for 
on commencing to blow forward great clouds of fine coke- 
dust were blown out, and when this ceased the front 
tuyeres were replaced, and the furnace commenced to drive 
again quite freely and, with the better coke coming down, 
we had no further trouble with the drawing off of the slag. 
This has occurred more than once, and is just one more 
instance of the terribly bad effect of soft coke on the blast 
furnace. Although this may be an extreme case, it serves 
my purpose to show that a low coke consumption cannot 
be expected when the coke loses some 10 or 15 per cent of 
its weight within two or three hours of being charged into 
the furnace, and on arriving near the tuyeres is in the form 
of dust so finely divided that it actually obstructs the passage 
of the blast and the tapping of the slag. 

On the other hand, when a hard coke is being charged, 
there is only a very small loss at the furnace top; the lumps 
of coke are larger and less friable, with the result that the 
burthen is kept open and the blast passes through the fur- 
nace with a minimum of resistance, so, when the coke 
reaches the tuyeres, there is a considerable body of carbon 
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left to be reduced by the blast, and the gases evolved there- 
from are consequently operative on all the materials in the 
furnace from the tuyeres to the throat. 

It 1s noticeable that when a soft coke is being used the 
waste gases are very rich in CO, and the ratio of CO to CO: 
by weight is consequently low, whereas when a good hard 
coke is being used the CO is less and the ratio consequently 
considerably higher. This is, of course, explained by the 
greater ease with which the CO. in the ascending gases 
attacks the carbon of the coke when it is soft, and which 
action the harder coke is able to resist in a much greater 
degree. 

There is one other point about which I keep an open 
mind, and that is the crushing of the coke in a blast-furnace. 
It 1s obvious that hard coke wil! offer greater resistance to 
a crushing stress than a soft one, but Chas. Cochrane al- 
ways said, when his huge furnaces were criticised and the 
possibility of crushing of materials was mentioned, that 
“The crushing effect in a blast-furnace can never be very 
yreat, owing to the fact that the theory of the angle of thrust 
is equally applicable to a blast-furnace as it is to a grain 
elevator.” 

I have now touched upon what I consider to be the chief 
points in connection with the hardness of coke, and over a 
period of some eight years I have been time and again con- 
vinced of the unique importance of the coke hardness. 

If hard coke is sent to the furnaces from the coke-ovens 
the life of a blast-furnace manager becomes a pleasant thing, 
but with soft coke his life is not worth living. With the 
former one gets the furnaces driving freely, a low coke con- 
sumption, an even quality of iron with plenty of gas for 
stoves, boilers, and gas engines and to spare, and with the 
latter slow drivings, increased coke consumption, variable 
quality of iron, shortage of gas, and general trouble and dis- 
content. 

There are a thousand and one little points and details in 
connection with this subject which it is impossible to bring 
out in a short paper of this description, but all of which 
only go to prove more and more conclusively that if we wish 
to manufacture iron with the minimum of trouble and the 
maximum of economy it is on the coke the whole matter 
depends. 


Since the blast-furnace manager in most cases iS more or 
less in the hands of the manager of the coke-ovens, it be- 
hooves him to try and make the managers of coke-ovens 
produce and send him a hard coke. 


ge 


Doubtless it can be done by “stamping,” but ‘there are 
not. very many plants in this country that are fitted with that 
device, also I do not think it is necessary to produce a coke 
of greater hardness than, say, 7614 per cent for conditions 
such as I have taken as normal, although greater hardness 
means a larger margin of safety. Besides, I have used coke 
made from identically the same coal without “stamping,” 
which has one day been excellent in every respect and a few 
days afterwards equally indifferent. It therefore appears to 
be chiefly a question of supervision, and I trust that this 
short paper of mine may attract the attention of the coke 


producers to the importance of hard coke for blast furnace 


work, for in that case I shall not have pleaded in vain that 
“The practical success of the working of a blast furnace is 
chiefly dependent on the mechanical condition of the coke 


-used.” 
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TRAINING FOR WOMEN. 


Many of the women who apply for industrial work will 
be totally unfamiliar with factory work or the operation and 
handling of machinery, so that the matter of training be- 
comes doubly important. 

It will be necessary to organize a system of competent 
instruction, if the change to women employes is to be made 
rapidly and efficiently and the heavy loss in production, 
while they are learning, is to be reduced to a minimum. To 
be prepared, the preliminary work toward organizing a crew 
of instructors should be started as soon as it 1s decided to 
use women workers. 

The instructors to be used should be selected from the 
fastest workers in the organization. The mistake, however, 
should not be made of thinking that any fast operator will 
take a good instructor. They should be selected for their 
ability to explain things clearly; for pleasing personality, 
tact, patience, sympathy and consideration for the rights of 
of others; for ability at performing the tasks they are to 
teach, and wherever possible unusually masculine men 
should not be put in charge of instructing women. 

One suggestion was that instructors be recruited from 
the women of a community who have shown executive abil- 
ity, training them to in turn train others. Another good plan 
would be to let women work part time as a step toward 
traiming women who could be used as forewomen. Instruc- 
trons should be given first by men, then by the women who 
become most proficient. ; 

As studies of operations were the first step recommended 
in determining what work women could do, they can again 
be used for purposes of training to excellent advantage. 

Another suggestion was to take care of industrial train- 
ing of women workers through cooperation with the Y. M. 


C. A. and the Y. W. C. A. 


Wages, Hours and Fatigue. 

The matter of wages, hours of work and fatigue is most 
important in connection with the utilization of woman labor. 
Tt can well be said that the success or failure of the move- 
ment depends to a great extent upon what we do with ref- 
erence to these things. 

The answers with reference to wages narrowed down to 
the following: (1) Determine standards and pay according 
to performance; (2) piecework, with minimum wage guaran- 
teed; and (3) weekly wage for a time, then piecework. 

The principle “equal pay with men for equal work” was 
subscribed to by practically all who answered the questions. 
One replied “Leave it to the women,” feeling that they were 
amply able to take care of themselves. Several felt that 
earnings in advance of those paid men should be offered to 
attract women workers and secure interest and cooperation. 
Some were of the opinion that while women should receive 
the same as men if they produce the same, they should re- 
ceive less if they do not produce as much, but more if they 
can exceed the production made by the men. 

All through the answers, it was plan to be seen that the 
feeling was—No exploitation of women—and one went so 
far as to urge that the government take steps to prevent any 
possible exploitation in the unorganized industries. Our 
review indicates quite clearly that organized labor has noth- 


Second installment of paper read by C. E. Knoepel and M. J. 
House, before American Foundrymen’s Association. 
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ing to fear from the manufacturing world as regards women 
in industry. 

In analyzing the questions as to hours, rest and fatigue, 
the conclusions were: (1) No night work; (2) no overtime; 
(3) no Sunday work; (4) half Saturdays off; (5) an 8-hour 
day. some urging a 54-hour week; (6) a rest period in the 
morning, and in the afternoon, in addition to the lunch 
period, and varying from 10 to 20 minutes; and (7) experi- 
ments to determine rest periods and fatigue factors in work 
of a very fatiguing nature. 

If a plant is not of a size that warrants retaining a doctor 
and dentist permanently, arrangements should be made with 
local practitioners to handle all plant cases or else several 
concerns can associate and retain one medical and dental 
staff. However, in this case employes will require addi- 
tional time for medical attention and will lose that much 
more production. 

Employers and employes should get together on the im- 
portant matter of wages, hours and fatigue, and work out: 
definite rules and procedure. 


Working Conditions. 

Another very important factor in connection with the 
utilization of woman labor is the matter of the conditions 
under which they work. Select the best of women, pay the 
best of wages and make conditions agreeable; if working 
conditions are not right, the result is bound to be both dis- 
content and dissatisfaction. 


All workrooms should be thoroughly lighted; it helps the 
speed and accuracy of work. A generous use of white paint 
on walls and ceilings and even on machine bases, will accom- 
plish wonders in improving the light and, next to this, clean 
windows are a great help. 

With regard to ventilation, you will find languor, head- 
ache and a disinclination to work where the air is allowed 
to get stale. Fresh air should be admitted and bad air re- 
moved from rooms in such manner as not to create drafts. 
The temperature of the rooms should be kept constant. The 
hest temperature to maintain varies in accordance with the 
strenuousness of the labor performed in the room. 


The question of the position at work is especially im- 
portant for women as their health and efficiency, are largely 
dependent upon it. Wherever possible their work should be 
arranged so they may be seated and the chair or stool de- 
signed so they will sit in an erect position. - Where their 
labor requires standing a large part of the time, high stools 
can be designed on which they may rest in a semi-sitting, 
semi-standing position. Special attention should be given 
to arranging their work about them so that everything 
needed is within easy reach. This not only adds to comfort 
but greatly speeds up the performance of the operation. 

Labor-saving devices should be installed wherever pos- 
sible, to eliminate lifting and handling by women. Safety 
appliances should be given the most careful attention and 
rigid safety rules determined and maintained. Women should 
start on the lighter tasks and as they become proficient 
can take up heavier work, if physically able to do so. Under 
no consideration should women be placed at what might be 
called dangerous occupations. They should not be placed 
in departments where gas fumes or dust would prove detri- 
mental to their health, nor should they be subjected to in- 
tense heat or cold. 
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At the organization meeting of the board of directors of 
the Crucible Steel Company of America, held November 21, 
the following officers were re-elected: Herbert DuPuy, chair- 
man; O. H. Wharton, president; H. A. Brown, J. W. Dough- 
erty, George W. Sargent, John A. Sutton and George A. Tur- 
ville, vice presidents; George A. Turville, secretary and 
treasurer; A. A, H. Niebaum, J. M. McComb and H. F. 
Kress, assistant treasurers; N. W. Nolen, comptroller; G. A. 
M. King, auditor; H. H. Stewart and H. L. Gellinger, assist- 
ant auditors. 


vOoOUN 


Frank D. Carney, formerly superintendent of the Penn- 
sylvania Steel Company, and general metallurgist of the 
Bethlehem Steel Company in connection with Lewis B. 
Lindemuth, formerly assistant superintendent of the Besse- 
mer open hearth department of the Pennsylvania Steel Com- 
pany and superintendent of the electric furnace and crucible 
department of the Bethlehem Steel Company, has formed a 
partnership of Carney and Lindemuth Consulting Engi- 
neers and Metallurgists, at 40 Wall street, New York. 


Vv 
Ambrose N. Diehl succeeds the late Edward J. Hamilton 
as works superintendent of the Carnegie Steel Company. 
Mr. Diehl has recently been assistant to Wm. Whigham, vice 
president of the Carnegie Steel Company. Prior to that 
time, Mr. Diehl was superintendent of the blast furnaces at 
the Duquesne Steel Works. 
Viv 
John E. Galvin has been elected president of the Ohio 
Steel Foundry Company at Lima, Bucyrus and Springfield to 
succeed the late Harry Wright. J. W. Kaufman is now chair- 
man of the board of directors and J. T. Kaufman, secretary- 
treasurer, Frank Wright is. first vice president and general 
manager and QO. J. Smith, second vice president. 


Vev 
John McConnell, for a number of years in charge of alloy 
and special steel production for the United Alloys Steel Cor- 
poration, Canton, Ohio, has resigned and assumed similar 
duties with the Interstate Tron and Steel Company. 
Viv 
Wm. F. Cassidy, formerly foreman of the Ohio Steel Foun- 
dry Company plant at Springfield, Ohio, has been appointed 
general superintendent of the Aetna Steel Castings Company 
plant at Cleveland. 
Yo ¥ 
Harry I}, Higgins has resigned as director and vice presi- 
dent of the Otis Steel Company. 
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R. M. Rush has resigned as assistant district supply man- 
ager of the emergency fleet corporation for the Youngstown 
and Pittsburgh districts and will again assume his duties as 
district manager of the Kerr Turbine Company, and president 
of the Rush Machinery Company, Pittsburgh. 

, ae 

S. R. Vanderbeck, S. H. Ourbecker and F. H. Shaw, all 
of whom were formerly connected with the Electric Furnace 
Construction Company, are now respectively, president, 
electrical engineer and purchasing agent of the American 
Metallurgical Corporation. 

vo : 

H. F. Johnson has resigned as secretary to the superin- 
tendent of the open hearth works of the Republic Iron & 
Steel Co., Youngstown, Ohio, to join George W. Peffer, now 
general manager of the Donner Steel Company, Buffalo. 

Vv 

Harry E. Blackwell has again assumed his regular duties 
as manager of the Detroit sales office of Pickands, Mather & 
Co. He has been working with the committee on Pig Iron, 
Iron Ore and Lake Transportation for the past four months. 

Viv | 

Willis Werner has been appointed chief chemist of the 
Republic Iron & Steel Co., Youngstown, Ohio, succeeding 
T. J. Davies. The blast furnace and open hearth laboratories 
will be in his charge. 

¥ “¥ 

F. J. ‘Ryan, formerly secretary, treasurer and general 
manager of the Electric Furnace Construction Company, 
Philadelphia, has resigned. He now assumes similar duties 
with the American Metallurgical Corporation, Philadelphia. 

Vv. Vv 

H. M. Urban, formerly superintendent of the by-product 
coke ovens of the Tennessce Coal, Iron & Railroad Co., is 
now connected with the Woodward Iron Company, Wood- 
ward, Alabama. 

yy ¥v 

Thomas Chalmers has been appointed superintendent of 
the by-product coke ovens plant of the Tennessee Coal, Iron 
& Railroad Co., Birmingham, Alabama. 

vv 

David McLain, of the McLain System, Milwaukee, is now 
connected with the Ordnance Department, Washington, D. C., 
as foundry expert. 

Vv 

I. I. Dennis, formerly associated with the Ferguson Stee! 
and Iron Company, has been appointed manager of the 
Buffalo branch of the Latrobe Electric Steel Company. 
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J. W. Powell, vice president of the Bethlehem Steel Cor- 
poration, has been elected vice president of the National 
Society of Naval Architects and Marine Engineers. 

vo ¥ 

Wm. W. Lewis has resigned as superintendent of the 
Western Reserve Works of the Brier Hill Steel Company, 
Warren, Ohio. 

yy ¥ 

Abner Hughes, formerly assistant superintendent of the 
Western Reserve Works of the Brier Hill Steel Company, 
is now superintendent. 


Viev 


Charles A. Fisher has been appointed assistant to the 
president of the Jones & Laughlin Steel Company, Pitts- 
burgh, 

Vv 

Dr. Sidney R. McCurdy, formerly chief surgeon of the 
Youngstown Sheet and Tube Company, is now with the 
Eighteenth Infantry in France and has been cited for 
bravery. 
Vv 

Russell Gangewere has been elected president of the 
Weatherly Steel Company, Weatherly, Pa., which recently 
acquired the Weatherly Iron and Steel Company. 


Vv 
J. C. Agnew has been appointed assistant to A. C. Dinkey, 
president of the Midvale Steel and Ordinance Company. He 
was formerly general superintendent of the Mahoning Ore & 
Steel Co. 
Vv 
J. Rogers Holcomb and Roger B. Farquhar have become 
president and vice president, respectively of the Electric Steel 
Company at Indiana. Both Mr. Holcomb and Mr. Farquhar 
were formerly associated with the Midvale Steel Company. 


Vv 
L. J. Campbell, vice president of the Youngstown Sheet 
& Tube Co., Youngstown, Ohio, who has been serving as 
manager of the Three-hundred and Ninth Field Artillery in 
France, has been appointed to lieutenant-colonelcy, 


Vv 
Garret A. Connors, Jr., foreman of the Truscon Steel Com- 
pany, has been appointed director of safety. 
| 
M. L. McGraw, formerly superintendent of the Lakeside 
Foundries, Detroit, has been appointed general superin- 
tendent of the Gray Foundries, Inc,, Poultney, Vermont. 
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J. Frank King has accepted a position as assistant to 
Warren F. Perry, industrial engineer of the Brier Hill Steel 
Company. 

¥. Vv 

H. A. Andresen has resigned his position as district ex- 
aminer for the Emergency Fleet Corporation. His headquar- 
ters were at St. Louis, Mo. 

Vv 


H. E. Fields, president of the Wheeling Mold and Foun- 
dry Company, Wheeling, W. Va., is now director of the 


chemical division of the War Industries Board. 
vo ¥ 


E. L. Garrihan, has recently become sales manager of the 
Tioga Steel and Iron Company. He was formerly connected 
with the manufacturing and sales department of the Bethle- 
hem Steel Company, 

Vv 

John Drewson is now superintendent of the new coke 
plant of the Jones and Laughlin Steel Company, Hazelwood, 
Pa. Mr. Drewson was formerly superintendent of operations 
at the McKinney Steel Company’s coke plant at Cleveland. 


Vv; ov 
J. F, Curley, formerly connected with the Thurlow Steel 
Company, Chester, Pa., and more recently with the Canadian 
Steel Foundries, Ltd., is now assistant works manager of the 
Pittsburgh Iron & Steel Foundries Co., Midland, Pa. 


Vv ¥ 
I. H. Mills, who has been associated with the Westing- 


- house Electric & Manufacturing Company, of East Pitts- 


burgh, Pa., for the past twenty-three years, has resigned to 
become superintendent of the Sperry Gyroscope Company 
of Brooklyn, N. Y. Mr. Mills began his career with the 
Westinghouse as a machine operator, and finally became 
superintendent of the small industrial motor department. 
Vv Vv 
Mr. J, E. N. Olsen has been appointed local auditor by 
the Sligo Iron & Steel Co. of Connellsville, Pa. Mr. Olsen 
has been connected with the Republic Iron & Steel Co. since 
its organization, and for the past four years has been local 
auditor at the Moline works. 
> yee ly 
G. A. Binz; sales manager, Yarnell-Waring Company, 
Philadelphia, has transferred his headquarters to the com- 
pany’s New York office at 90 West street, and will in future 
devote his whole time to the interest of “Yarway” specialties 
in that area. 
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PULVERIZED FUEL EQUIPMENT. 


The question of burning pulverized coal as a fuel is being 
thoroughly investigated. During the past year some very 
interesting experiments have been made and among the differ- 
ent problems is the 
one of pulverizing, 

We are presenting 
herewith a type of pul- 
verizer that has proven 
very efficient and is be- 
ing used at the present 
time with a great deal 
of success. Figure 1 
shows. the pulverizer 
while Figure 2 shows 
the layout of equip- 
ment. Artificial drying 
of the coal is purely 
optional when using 
this equipment because 
the effect of moisture is reduced to its lowest point. No 
storage is necessary since the coal is burned as fast as it 
is pulverized. In that way the hazard of fire and explosion 
is eliminated. Practically any grade of coal can be used if 
it contains 25 per cent or more of combustible matter. 


Fig, 1--View of Pulverizer when open 


Because of the elimination of extra machinery or equip- 
ment the matter of labor is reduced and practically elim- 
inated. The pulverizer runs at a constant speed and the 
operator's attention is limited to observation of his fire and 
the regulation of the feed mechanism and dampers. It is 


Fig. 2—View showing how the system works. 


possible and practical to have one operator take care of a 
number of pulverizers. The machine is dust proof and 
built so that repair can be made without much trouble. 

The pulverizer is manufactured by the Aero-Pulverizer 
Company, 120 Broadway, New York, N. Y. 


UNDERFEED FIRING. 

It is claimed by plants using underfeed stokers that they 
have reduced the cost of operation in the power house 15 to 
25 per cent. The principle involved in underfeed firing is 
interesting to anyone burning coal. The final result of com- 
plete combustion of ordinary coal, in general, is CO: The 
percentage in the flue gases is a guide to the efficiency of 
the furnace. This can be determinell by proper instruments, 
or by observing the amount of black smoke coming out of 
the stack, or the amount of carbon in the ash. Coal in the 
ash pit and black smoke indicates faulty combustion. One 
cause is that fresh coal if shoveled directly into the furnace 
is literally “too green to burn.” In other words, if the coal 
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is heated not enough to distill the volatile mater before it 
enters the incandescent fuel bed itself; when it does enter, 


combustion is immediate and perfect. There is no smoke 


and little carbon lost. Fifteen per cent CO: is easily obtained 
instead of 6 per cent common to improper combustion. 

The underfeed stoker in the illustration shows clearly the 
manner of getting “hot” coal into the fire from _ below. 
Fresh coal is introduced into the hopper and is forced by 
cylindrical rams into retorts that underlie the fuel bed, The 
retorts resemble troughs which are inclined from the hopper 
down and across the furnace. These multiple retorts are 
separated by rows of tuyeres that support +the burning coal 
and furnish air to the fire. The rams fill these troughs full 
and then continue to force more in. This crowds the coal 
already in the troughs up and onto the tuyeres where com- 
bustion is completed. However, during the time that the 
coal remains in the troughs, that is, before it is forced up, it 
reaches such a temperature that distillation has taken place. 
Hence it is in perfect condition for complete combustion. 

The underfeed stokers are equipped with an auxiliary 
forced draft system that insures the correct amount of air for 
perfect combustion. They can be handled by less firemen, 
thus releasing labor to other parts of a factory. They are 
adapted to many kinds of coal and have a wide range of flexi- 
bility so desirable where high peak loads are necessary at 
certain periods of the day. 


IMPULSE GAPS FOR LIGHTNING ARRESTERS. 


Impulse gaps for lightning arresters are recommended 
for use in connection with lightning arresters which protect 
stations of large capacity operating at 11,000 volts and higher. 
The impulse gap excels every other known gap in assisting 
arresters to give protection from lightning and other high- 
frequency or high-voltage disturbances. 

The impulse gaps, as listed herein, are for use in connec- 
tion with electrolytic or other three-phase (grounded or 
ungrounded-neutral-circuit) lightning arresters now in serv- 
ice. 


- The Westinghouse impulse gap protects the insulation 
against high-frequency or sweep wave-front surges of high 
potential at a lower voltage than does any other known gap. 


Operation—The old-fashioned plain horn gaps had con- 
siderable time-lag, allowing a high-frequency surge to rise 
to a much higher voltage than would a low-frequency surge 
before discharging and giving protection. The development 
of the sphere gap partly prevents this situation by eliminat- 
ing the time lag so that all frequencies are discharged at 
the same voltage, The new impulse gap has a negative time 
lag; that is, the higher the frequency the lower the voltage 
at which the gap discharges. Thus the impulse gap auto- 
matically selects the dangerous surges and gives protection 
more quickly than any other known form of gap. 


The impulse gap not only incorporates all of the virtues 
of the horn gap and the high-speed sphere gap, but also 
possesses the property of selecting high-frequency or steep- 
wave-front surges and discharging them at a lower voltage 
than the normal voltage setting of the gap. It should be par- 
ticularly noted that the impulse gap is the only device which 
will protect insulation against a steep-wave-front surge of 
reverse potential, that is, a sudden drop in voltage. The 
high-frequency discharge voltage may be as low as two- 
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thirds, or even one-third, of the normal-frequency value. It 
is, therefore, possible to use a gap setting that will permit 
of the desired degree of protection against dangerous surges 
while not permitting too frequent discharging on minor 
surges at normal frequency. 

The high speed of the sphere gap as compared with the 
horn gap is due to the elimination of the time required to 
build up a sphere of equal-potential surface at the discharge 
part of the horn gap. The sphere of equal potential surface 
and practically eliminates corona and reduces field distor- 
tions when the gap is set equal to, or less than, the sphere 
diameter. By the use of the sphere yap the voltage to 
ground, or the breakdown voltage, at any frequency does 
not materially exceed the O0-cycle discharge voltage of the 
gap. However, the sphere gap does not give the desired pro- 
tection against steep-wave-front, or high-frequency surges, 
due to its inability to discharge these disturbances at lower 
voltage than the normal frequency setting of the gap. It is 
necessary to set all arrester gaps for a sufficiently high 
normal frequency setting of the gap can be had without the 
corresponding disadvantage of reduced protection, since the 
high-frequency breakdown-value of the gap is much lower. 
This is because high-frequency discharges start from the 
auxiliary electrode and have only one-half of the gap to jump. 
The latter electrode, also, is so shaped that although the gap 
is one-half of the main gap, the break-down voltage is only 
about one-fourth as great: that is to say, high-frequency 
surges not only delayed in discharging, as with plain horns, 
by the need of building up a static tield; but instead, dis- 
charge at a voltage even lower than the normal value of the 
main gap, since they automatically select the auxiliary gap 
of much lower voltage breakdown. 


EXPORT AMALGAMATION, 


The W. J. Crouch Company, Inc., and Rownson, Drew & 
Clydesdale, Inc,, announce the amalgamation of their re- 
spective organizations. All trading and manufacturing oper- 
ations henceforth will be conducted under the name of Rown- 


son, Drew & Clydesdale, Inc., with general offices at 68 Wil- | 


liam street, New York. | 

In future, the name of “Crouch Steel” and all that it im- 
plies, will be linked with the century-old traditions of the 
house of Rownson, Drew & Clydesdale, which should be a 
guarantee to their customers all over the world, of the high- 
est 1m Service. 

P. G. Donald, president of Rownson, Drew & Clydesdale, 
Inc., will continue in this office. while Mr. I. Smullyan, presi- 
dent of the W. J. Crouch Company, Inc.. will act as manag- 
ing director of the new firm. 

Messrs. Victor E, Karminski and A. E. Hearne, both 
treasurer and general manager of the W. J. Crouch Com- 
pany, Inc., and Rownson, Drew & Clydesdale, Inc., respec- 
tively, will in future act as joint general managers of the 
new concern, Mr. Karminski conducting the Crouch steel 
division, and Mr. Hearne directing all other trading opera- 
tions. - 

Elaborate plans have been made for the further development 
and expansion of the Rownson, Drew & Clydesdale engineering 
division in order to cope with the wholly unprecedented demand 
for their gravity runways, portable elevator conveyors and other 
labor saving devices. These plans will be carried out under 
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the personal direction of John J. Smart, secretary and assistant 
general manager of the W. J. Crouch Company, incorporated. 

A vigorous advertising campaign will be undertaken by the 
new firm, embracing both Crouch steel products and Rownson, 
Drew & Clydesdale specialties. This campaign will be carried 
into all foreign countries, as well as into every state of the 
union, and will be directed in all] its branches by M. Oppenshaw, 
who has hitherto had charge of the advertising for the W. J. 
Crouch Company, incorporated. 

H. Lad Landau, assistant secretary and general manager of 
sales of the W. J. Crouch Company, who is perhaps best known 
to the numerous friends of the firm in all parts of the world 
and to whose untiring efforts much of the success of the W. J. 
Crouch Company, Inc., is due, will continue with the new con- 
cern. So will other leading officers of the company, such as 
John H. Allen, purchasing agent, who will in the future be as- 
sisted by M. Greenberg, of Rownson, Drew & Ciydesdale, Inc., 
Albert Smullyan, comptroller, O. W. Andrews, trafic manager 
and head of the company’s licensing bureau, and all others oc- 
cupying positions of trust with the old companies. 


A TRACKLESS TRAILER WITH DUMP CAR BODY. 


The increasing use of industrial tractors has created an 
unusual demand for all kinds of trailers. To meet the de- 
mand for a car that would not only admit of easy trailing but 
would also speed up loading and unloading of loose materials 
the new Easton car was developed. 

It is a four-wheel steer trailer that will run over cement, 
wood, composition or any kind of flooring. In fact it will 
even run quite smoothly over rough ground when supplied 
with extra large whecls. <All wheels are equipped with roller 
bearings and may be turnished with rubber or composition 
tires. 

Close tracking of trains of these cars is accomplished 
with comparative ease because both front and rear trucks of 
each trailer swivel. Trains of six cars will track within three 
inches and will take a curve of 8 ft. radius, or smaller. 

The body of the trailer is distinctive and possesses many 
features that make for economy and speed in loading and 
unloading coal, ashes, sand, ore. slag, refuse and practically 
every kind of bulk material. Some of the more important 
features include: Special latch for locking the body in a 
half-dumped position, thus lowering the loading height for 
hand loading. Automatic safety latches. xtra heavy body 
that dumps clear of the wheels. the only type that will so 
dump (45° angle of dump). Cast steel rockers and extra 
heavy underframes. The car is built by the Easton Car & 
Construction Company, of Easton, Pa., who lay claim to a 
highly standardized line of cars and equipment for every 
industrial service. 


NEW REFRACTORY BULLETIN. 


The Quigley Furnace Specialties Company, New York, has 
just published a small folder describing “Insulbrix.” The fol- 
lowing characteristics of the refractory brick are discussed: 
Thermal conductivity, heat resisting qualities, crushing strength. 
tensile strength, surface and structure, permeability and salvage 
value. The folder further states that information and samples 
of this brick will gladly be submitted by the Quigley Furnace 
Specialty Company, upon receipt of request. 
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_ All storage restrictions on bituminous 
coal were removed November 22 by the 
United States Fuel Administration in 
conformity to the action of the War In- 
dustries Board in cancelling its preferen- 
tial industries list. Anthracite coal is 
not affected, however, by the ruling of 
the Fuel Administration. Every indus- 
try and every householder in the coun- 
try now may store as much bitumimous 
coal as desired or obtainable, as the 
action of the War Industries Board re- 
moves the necessity for the Fuel Admin- 
istration to drstinguish longer among 
different classes of industrial plants. 
The restrictions just raised provided for 
the accumulation by the consumers in 
the preference classes defined by the War 
Industries Board, of reserve stocks of 
bituminous coal, in accordance with their 
location in relation to various mine felds 
and their classification on the preference 
schedule. All industries located farthest 
from distribution points, particularly 
those in New England and in the north- 
west are found not only to be well 
stocked, in accordance with Fuel Ad- 
ministration specifications, but in many 
cases have surpluses above _ those 
amounts. 


The Shephard Electric Crane & Hoist 
Co. has opened an office in the new 
Lexington Building, Baltimore, Md.,, in 
order to take care of the rapidly increas- 
ing Southern business and also to give 
closer service to users of Shepard ap- 
paratus in that territory. This office 
will be in charge of Mr. Norman P. 
lkarrar, who for a number of years has 
been district manager of the Philadel- 
phia territory. 


Announcement is made by the C. O. 
Bartlett & Snow Co., 1040 French street, 
Cleveland, that it has been found neces- 
sary to close its eastern branch at 50 
Church street, New York City. All com- 
munications should be sent to the coim- 
pany’s main office in Cleveland. H. H. 
Bighouse, second vice president and chiet 
engineer, who has had charge of the New 
York office, now is located at Cleveland. 


The Heating & Power Equipment Co.. 
Milwaukee, has changed its name to the 
Sterling Engineering Company, and has 
increased its capitalization from $15,000 
to $50,000. | 

The West Allis Scrap Iron & Metal 
Co., West Allis, Wis., has changed its 
corporate style to West Allis Iron & 
Steel Co. The capital stock has been 
increased from $5,000 to $10,000. 


The Booth-Hall Company, manutac- 
turers of electric furnaces, 2309-15 Archer 
avenue, Chicago, Illinois, have placed in 
successful operation during the past few 
months, theefollowing steel melting fur- 
naces: West Michigan Steel Foundry 
Company, Muskegon, Mich., 3-ton basic 
castings for naval gun carriages. Monroe 
Steel Castings Company, Monroe, Mich., 
114-ton acid steg] castings. Queen City 
Foundry Company, Denver, Col., 34-ton 
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basic steel castings for emergency ficet 
corporation. New England Steel Cast- 
ings Company, East Longmeadow, Mass., 
1i4-ton acid steel castings. In addition 
to these furnaces, there is also a 34-ton 
acid lined furnace in operation at the 
plant of the Duriron Castings Company, 
Dayton, Ohio, used for experimental 
work in the manufacture of duriron and 
a 1%-ton furnace at the Avery plant, 
Peoria, Illinois, basic, used for the manu- 
facture of tractor castings. 


The Ford-Smith Machine Company, 
Hamilton, Ont., has removed from Earl 
and Princess streets to its new head- 
quarters on Cavell avenue. While a part 
of the plant is to be ready this week, the 
entire plant will be in operation in about 
one month. 


The Maryland Bolt Company, Conti- 
nental Trust Building. Baltimore, has 
changed its name to the Maryland Bolt. 
&-Forge Co. 
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Leather Belting—The Graton & Knight 
Manufacturing Co., Worcester, Mass., has 
just issued a booklet devoted to stand- 
ardized leather belting. The booklet con- 
tains much interesting information about 
leather belts and includes several tables 
and standards for belts that the com- 
pany has worked out from many years 
of practical experimentation. 


Safety Goggles—A well illustrated 24- 
page catalog, entitled “Save Your Work- 
men’s Eyes,” has been issued by the 
Julius King Optical Company, New 
York. <A large assortment of goggles 
adapted to practically all industrial 
operations where the eyes are in danger 
is shown. In the construction of these 
goggles, the lenses receive special atten- 
tion and all goggles manufactured are 
provided with surface-ground lenses 
which are clear, bright and of great 
transparency. Furthermore, it is claimed 
that these lenses will not splinter when 
broken. Among the goxxles shown are 
those equipped with different types of 
side frames, particularly recommended 
for workers engaged in chipping. or 
chiseling in metal and breaking or drill- 
ing brick or stone. Various types of 
welders goggles are illustrated as well 
as respirators, welders, helmets, face 
masks, babbitting masks, etc. 


Circulating Pumps—The Fulflo Pump 
Company, Blanchester, Ohio, recently 
issued a circular describing its circulat- 
ing pump which is used in connection 
with machine tools, grinders, etc., for 
supplying cutting and cooling com- 
pounds. It is pointed out that the con- 
struction of the pump is such that it is 
impossible for it to lose its prime and 
that chips can be run through it without 
injury to the working parts, The pump 
works on the centrifugal principle and 
may be mounted either above or below 
the level of the liquid to be delivered. 
The only working part of the pump 1s 
the impeller which is mounted directly 
on the drive shaft. The circular de- 
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scribes the pump fully and contains sev- 
eral illustrations showing its mechanical 
details. 

Attaching Devices—A small 4-page 
folder in which 21 of the various elec- 
trical attaching devices manufactured by 
the Cutler-Hammer Manufacturing Com- 
pany, Milwaukee, is described and illus- 
trated, is being circulated. They include 
numerous types of flush, surface conduit 
and metal mounting receptacles besides 
motor attachment plugs, cord connec- 
tors and current taps. These devices 
have a rating of 10 amperes, 250 volts, 
with the exception of the attachment 
plug and current taps, which have the 
maximum screw shell or socket rating of 
660 watts. The folder lists the complete 
line of devices. 


Belt Conveyors—Jeffrey Manufactur- 
ing Company, Columbus, Ohio, Catalog 
No. 175. Deals with the development 
and use of belt conveyors for handling 
a great variety of material special refer- 
ence of course being made to the com- 
pany’s products. Drawings and typical 
examples of conveyors are presented to- 
gether with a list of the industries in 
which they are used and the materials 
handled. The various forms of pulleys 
and belts that can be supplied are illus- 
trated and briefly described with con- 
densed = specification and dimension 
tables. A number of views of the con- 
veyors in use are also presented. 


Coal and Ash Handling—The Link- 
Belt Company, of Chicago, has issued 
book No. 353, “Economical Handling of 
Coal and Ashes and Reserve Coal 
Storage,” 
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Harold Tupper, assistant superinten- 
dent of the Ella Furnace Company, West 
Middlesex, Pa., died November 2. at the 
age of 26, at his home in Sharon, Pa. 


Alfred R. Jones, president of the Pusey 
& Jones Company, died of pneumonia at 
Wilmington, Delaware. 


James Douglass, for the past 10 years 
general furnace foreman at the Lucy 
plant of the Carnegie Steel Company, 
died in Pittsburgh, November 28. 


Williard E. Case, a prominent electro- 
chemist, who conducted numerous re- 
searches, died at his home at Auburn, 
New York, August 27. 


- Edward J. Hamilton, general superin- 
tendent of the Duquesne works of the 
Carnegie Steel Company, died October 
23, of pneumonia. Mr. Hamilton became 
superintendent of the Duquesne works 
in 1915, when Homer D. Williams be- 
came president of the Carnegie Steel 
Company. 


Sidney F. Oliphant, former owner of 
the Oliphant Steel ans Iron Company. 
died at his home in Trenton, N. J. 


Thomas John Davey, one of the eight 
brothers who operate the Mansfield 
Sheet and Tin Plate Company, died of 
pneumonia, October 17. 
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CONTINUOUS ROLLING MILLs 


STANDARD OF » THE WORLD 


THE MORGAN CORSTRUCTION CO. 
HAS DESIGNED AND MANUFACTURED 


101 ROLLING MILLS 


80 inthe 5in Canada lin Sel gitm 
. Sin England lin Be iwum 
United States 4in Gaiiiany lin Austria 
of’ America Sin India ~~ Lin Au sStralia 
AS CONSULTING ENGINEERS=- AS MANUFACTURING ENGINEERS 
we prepare estimates and make draw- we enter into contracts for complete 
ings for contemplated rolling mills. Our rolling mills, producer- bas machines, 
services include electrical engineering, and wire drawing, equipment 


MORGAN CONSTRUCTION GO. 
AUS Asay PASS. USS 


PE —S 


Digitized by ( Mere gle Original from 


UNIVERSITY OF CHICAGO 


